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PREFACE. 


rpHROUen the kindness of Sir John Marshall, CAE., Litt.D,, etc.. Director 
General of Are Wj logy, and the Hon’ble Mr, H. Sharp, C.S.L, C.I.E., etc., 
Educational Commissioner with the Government of India, I was able in December 
and January 1915’1G to visit the old observatories at Delhi, Jaipur, Ujjain 
and Benares, and this volume is a direct result of my tour. 

In the following chapters an attempt has been made to exhibit the 
known facts relating to Jai Singh's astronomical work and to describe his 
instruments in some detail. The subject matter conveniently arranges itself 
into the following divisions: (i) Jaj Singh's preparation for his astrono mical) 
researches j fii) his own publications; (iii) the instruments of his predecessors' 
that he employed; (iv) the instruments he devised; (v) the observatories be 
built, and (ti) an estimate of his work, etc. The sixth section presented 
some difficulty—chiefly because of the somewhat erroneous idea that prevails that 
un account of Jai Singh is necessarily intimately connected with the history of 
Hindu Astronomy. To form a proper estimate of the value of Jai Singh's 
work and to place it in correct relationship with that of bis predecessors 
it is, of course, necessary to have knowledge of the history of the develop¬ 
ment of astronomy before his time ; and while there is abundance of literature 
on European and Muslim astronomy, there is at present no systematic account 
of Hindu astronomy generally available ; so a second part of this work contain¬ 
ing a fairly full account of Hindu astronomy was under contemplation. But 
this would have altered the character of the book and Jai Singh would have 
ceased to he its principal feature; also an account of Hindu astronomy will 
appear at the same time as this volume in the 1 Open Court Classics of 
Science and Philosophy. I have, therefore, here given only a summary of 
Hindu astronomy in so far as it is related to Jai Singh's labours and for 
further details refer to my other book. 

This volume is primarily a tour report for the Archeological Department 
and therefore principally descriptive. That it leaves much to be accomplished, 
is to be regretted hut it was inevitable; and, indeed, to attempt to make 
such a record perfectly complete would mean the indefinite postponement of 
its publication. I must therefore plead for some lenience of judgment and 1 
trust that the intrinsic interest of the facts recorded will, in some fheasure, 
compensate for the inadequacy of the presentation. 

It is now my pleasant duty to record my grateful thanks for help and 
encouragement. To the Durbars of Jaipur and Gwalior f am greatly indebt¬ 
ed for their kind hospitality and for the valuable assistance given ly their 
officers; and my thanks are specially due to Lain Chuni Lai, the Darogha 
Jmarat, and Professor V. V. Tnmhunkar and Pandit Kedar Nath ol Jaij ur; 
to Rai Bahadur Munshi Bal Mukan, the Sac Suba, and Pandit Sliamj 







tb&face 


Sundai Shanna, Tehsildar, Ujjain ; to Pandit Gokal Chand of Jaipur for his 
assistance at Benares and Pundit Mahedcva Sastri Ghutri who, with the kind 
permission of Her Highness the Maharam of Dkarbanga, placed himself at my 
disposal at Benares ; and to Mr. Sohan Lai of the Archaeological Department 
who accompanied me on my tour. To Mr. Fazil Elahi, B.A., and Professor 
Alal-ur-Rahman of St, Stephen's College, Dellii, my thanks are due for assistance 
in translating some Persian works on the Astrolabe and in the interpretation 
of obscure Arabic terms. To the Superintendents of the Museums at Calcutta 
and Lahore I am indebted for the loan of certain instruments. The Public Works 
Staff of the Imperial City, Delhi, and particularly Mr. Glen, Executive Engineer 
rendered most valuable assistance; and to the care and skill of the Superintendent 
of Government Printing and the Surveyor General and their staffs 1 am obviously 
greatly indebted. It is impossible to repay in words my debt to Sir John 
Marshall and Mt. W. E. Jardinc, CA.E., the Resident of Gwalior, for adwice, 
encouragement and help. 


G. II. KAYE. 


November 


, 1917 . 
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The Astronomical Observatories 

of Jai Singh 


Chapter I,—JAI SIXtiH. 


t, Maharaja SawflT Jai Singh II tif Jaipur waa born in A, D- IfiSfl' and 
succeeded to the Amber territory at the age of thirteen in A.D. lttOft, a few years 
before the death of Aurangxlb. He hatl difficulties in establishing himself, but in 
1708 obtained complete possession of the province. In 1710 he was appointed by 
Muhammad Shah governor of the province of Agra and soon after to Mahva. In 
1734 he was again governor of Malwa and in that year, apparently with the cog¬ 
nizance of the Emperor, he resigned the province to the Pcshwa. He died in 
1743, two hundred years after Copernicus, and “ his wives, concubines, and scicnec 
expired with him on his funeral pyre."* 

Jai Singh mixed in most of the trouble and warfare of the long period of 
anarchy that coincided with his reign ; but he distinguished himself more as a 
statesman than a soldier and has been termed the Me chin veil I of his day. He was 
the founder of a new capital, named after him Jain agar or Jaipur, which in his 
time became a centre of learning ; he erected caravanserais in many of the pro¬ 
vinces ; and he built astronomical observatories at five of the principal cities of 
Hindustan. He conceived and carried out a scheme of scientific research that is still 
a notable example ; and his influence is still a living one. The observatories he 
erected are, in the words of his historian, ** monuments that irradiate a dark period 
of Indian History .*' 1 

At an early age Jai Singh showed a predilection for astronomical work and, 
according to his own account , by constant study/ he obtained a thorough knowledge 
of its principles and rules. He found the astronomical tables in use defective ami 
set himself the task of preparing new' ones. With this purpose in view 
Jai Singh took every means to ensure success. He attached himself to no 
particular school hut studied Hindu, Muslim and European methods impartially. 
He collected astronomical books and had certain of them translated ; he organised 


i Tim y*uit in which Xnwbm'a Prinripia was oimplctnl. 

W AnliqttiiiM 0/ itapm!'han. By LiDutonant-Cuknirl James Tod, VuL i\ ^ 

■ ivd, ii., p. m 
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a regular staff of workers and sent some oE them to foreign countries to collect 
information ; he invited certain Europeans and others interested in astronomy to 
Jaipur ; he built a large observatory at Delhi and made careful observations there 
for seven years with a view to the preparation of a new star catalogue ] and after¬ 
wards he built other observatories at Jaipur, Ujjaiu, Benares and Mathura. Such 
in brief were his astronomical activites which we now proceed to describe in some 
detail. 


Astronomical Works consulted by Jai Singh. 

2, Of the works of his predecessors and contemporaries there is evidence that 
Jai Singh was acquainted with the following; Ptolemy's Almagest ; the astronomical 
tables of Ulugh Beg ; some Treatises on the Astrolabe ; La Hire's Tabulae Astro- 
nomicae ; and Flamsteed’s Historic Cwkstis Britcmnica ; also certain western 
mathematical works such as Euclid's Elements, a treatise on plane and spherical trigo¬ 
nometry and on the construction of logarithms. This, of course, cannot be an 
exhaustive list since his valuable library no longer exists entire, 1 and it would he 
fairly safe to assume that Jai Singh collected and studied all the available astrono¬ 
mical works ; indeed it is recorded specifically that he procured from Europe, besides 
the tables of La Hire, those of earlier dates. 

(0 The book that held sway in Europe for a thousand years after its publi¬ 
cation and among the Arabs for a thousand years after its translation was 
Ptolemy’s Almagest. No other text-hook that has ever been written had such a repu¬ 
tation. Jat Singh himself speaks of Ptolemy as one of the greatest astronomers 
and one of his most important acts was to order a translation from the Arabic 
of Ptolemy’s great work. This translation, apart from its intrinsic value, has a 
somewhat special interest; its title 8amra f SidAkanta, ‘the supreme text-book’ 
has practically the same meaning as the Arabic title Al-Majisti, ‘the greatest', 
and ns the Greek title peyokij (run-aft? * the great compilation.^ 

According to Garrett® the Sam rat Siddhanta expresses Jai Singh’s views on 
astronomy^md this, probably, is quite true ; but the implication that it was an original 
work composed by or for Jai Singh is wrong. It was written by Jagganiith one 
of Jai Singh’s assistants who was quite unambiguous on its origiu. He wrote : 
Grantham sicfdluinta sumritjuiii sumriit raehavuti sphufam | 

Tushttyai Srijayaaiiiihasyn JagannSlhahvayah krill || 

Am hi IdiiishayS gran I ho M ijaatlntlmukah sthitah j 
Gunakiinam subodkilya glrvatiyn prakt.i kritali. || 

Jngnnnatb'B introduction contains, besides the usual invocation, (a) Eulogies 
of Jai Singh with which are reference.'* to certain events of some importance* 

1 It is mill that Sitigli ga™ Jai Stagh'* Unriralied llbTm-y to hi eourtP!.«i i it w M %hu» 

ilralioilHfii HJiii its irsrtunw* distributed 4tn<mg her W mliitivW This *aiikt ncwont for Lite ol 

thn infonn*tfcul MW uiulSnhta; but tha Id? tiathi nut ftltqgirthir hrar rhp icujinw of truth. 

* AMthar titl^ b Siddka nta San i KtmihMa, Sen Ban* St an. Twin. CdL, Dwbiin* p. ?S 9 

a The Jaipur Obmrm fery and > 1* Builds. By Lli’Utctuint A* ff. Gurott, RJL t uaiatml by PiimJil 
/ f Chjmiinidliftr Ctuteri I9fl$ p pp. 10 and 2L 

•Tho Unvtnd dpiiode, thv ldja F<pi and fha ihobtiqn ol i certain ttx ijf i h# Jtsnpy. 
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ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 3 

(&} a list of instruments and (e) an explanation of the source from which the 
work was obtained. 

Jai Singh, Jaganniilh says, was clever in exhibiting the new methods with 
globes and other instruments ; and that, with the help of certain learned mathe¬ 
maticians and astronomers, he bad made observations of the stars. The instruments 
proper to an observatory are said to be (1) Nadi Vantra I sun-dial), (2) Gola Van- 
tta (Sphere), (3) Digamsa Tantra (Azimuth instrument), [4) Dakhshino Digbhitt 
(Mura! quadrant), (5) Vrirta Shashtariiaaka (An are of sixty degrees placed in the 
yL v meridian) which, he says, "the yavimas call slm s tfkati ((3) SamrAt. Yantra 
(Supreme instrument—an equinoctial dial), * the best among the instruments’ and 
(7) Jaya Prakas ‘ the crest jewel of all instruments. ’ 

Then we are told (in the verse quoted in full above) that Jagutmlth pre¬ 
pared this excellent Siddltdnta Samrdj for the delight of Jai Singh j and that it 
is a rendering into Sanskrit for the benefit of mathematicians of a work in the 
Arabic language entitled Mijamti, 1 He also tells us* that " in the Yavaiia country, 
the Yavana masters of astronomy, Abarkhns, etc., found the maximum declinntiou 
ti be 23degrees 51 minutes l!) seconds; and that in Yunan, 33 degrees north, 
it was found to be 23 degrees 51 minutes 15 seconds by the observations of 
Yitlamayns. Ulugh Beg found it to be 23 degrees 30 minutes 17 seconds at 
Samarkand, 39 degrees 17 m mites north. By observation with this instrument we 
found it to be 23 degree* at Indraprastha in 10.11 Salivahanu/’ 

{it) Ulugh Beg’s astronomic si tables were completed in A. D. M30 and be¬ 
came almost as famous as those of Ptolemy and they formed the basis of most 
subsequent catalogues. Flamsteed used them and so did Jai Singh, who brought 
them up to date. For details as to the use made by Jai Singh of Ulugh Beg’s 
tables see below (p. 8). 

(iii) The Hindu name for the astrolabe is Yantra lidja and Garret says * that 
this ” appears to be a very ancient type of instrument of Hindu origin”, and 
also that ** it appears to have been held in great esteem by Jai Singh «•* he 
himself wrote a book concerning its construction and use.’' As a matter of fact 
the astrolabe or )’antra lidja is not of Hindu origin at all. The earliest Hindu 
work on this instrument is of the fourteenth century of our era while numerous , 
Arabic and Persian works dating from the tenth century onwards are known. 

The earliest Hindu work known is by Mahendra Siiri and was written in the 
*• time of Firox Shah in Saha 1292 or A D. 1370* and there are indications that 
it was used bv Jai Singh. But Jai Singh did not rely on this work alone 
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Th" d +Ui Still viliLiui u o<|iHYjwit to A. D. 172 !** 
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Ptolemy ■ dlfunpetL 

1 Fftkh tot dJ irU\ SUL Its rj-r qnuievh A bat Ah rkli hr tor Hippar hm, Y]tknkn.yijfl ia 

far PiofemffU3, Ik Ywn .n poulblj RL<*I*a Is fcurcnt 
Tmilr pWt^ ii / 

* p, fc r « R. Mitfk CsJ. Smfr MSS., BUtwtrrfa &£L 

I This work together *iih Makyimdu'* townwitBRj wn* priat^l by the Pundit Hudhukiir UvtTrtli if 

In this IiviU Offiw Ubrnry ra nm nnwdpi L-H i, I this wuritwhuth vu ikwrihmi by Eggttlin.T 

JftmifcrtT Manv*trip% fnii-i Of\ ■ u* jw?/ p V. p. UlSfl. Sir* uka 2U-I '■ bl p, ICUtlji m fallows 

II Yantm rajn or titty* titragw/ta ami ft irv-ktw? in Five ehapior* 

on the (idjutrartion mad of ihv FdxniIktf apW«s muJ ftadLalMMit of . ndt^ikJ aid tttmmrW Ion 
liirkris suid latitude*, by Suri J Iuk;atlm \ the pupil of <S«niho court utttfagPr of nhr^p tnt k m 
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ASTtlON'OMlCAT. OHS LAVATORIES OF IAT STJJGIL 

a’ld certainly vised same of the Arabic or Persian text-books on the astrolabes of 
which there were a great many available. 

Ma'iondra describes his treatise as “ This scientific work, the good Yantra 
lidjfj, lull of much variety and wonder causing, for the benefit of the people, etc. * 
It is “ abridged, essence-like, exhaustive but very simple and delightful to the 
heart.” lie says {v, 3) : ** Many Yavnnas have also composed scientific works on 
this instrument in their own language and according to their own particular 
understanding” and, he continues, "having found them like oceans, I now 
compose this work, like nectar, as the essence of them all.’* lie gives a list of 
thirty-two stars* and then (v. 28) writes: "After freeing these stars of drik 
karma mark them on tlie celestial globe , This is u secret 

that has come from the Yavanas." 

Mahendra’s small star catalogue is of consider a hie interest because such 
lists are very uncommon in Hindu books and because it is taken from 
Ptolemy’s catalogue. The latitudes are exactly the same as Ptolemy’s in all cases 
but one and the longitudes differ by exactly 18° 53' in all cases but six. 

{ied Jiii Singh himself refers to La Hire’s tables (see page 1-1) and to other 
European tables/.and in the palace library at Jaipur is still a copy of Flam¬ 
steed’s great work. 

T, de In Hire was a French scholar of repute who lived from A.D. 1610 to 
1718. He wrote many mathematical works and in 1702 published his Tabula* ,h- 
twnomkM of which the first part had appeared in 1087. This work contained, 
besides the usual tables, a refraction table (which it is said Jai Singh copied) 
and a description of a machine invented by la Hire to show the theory of 
eclipses. Another of In Hire’s works was *La Gnomon iijue ou Fart de tracer 
des cadrans ou horologes sola ires sur toutes sotfces de surfaces, par differ entea 
pratiques, avec les demonstrations guometriquea de toutes lea operations.’ This 
was published in 1082 and would have been useful to Jai Singh. 

(v) John Flamsteed Jived from 101b to 1720. His Hutaria Cadestis Britannica 
appeared in 1712, in one folio volume, made up of two books, the first containing the 
catalogue of stars and sextant observations ; the second, observations with Sharp’s 
mural arc. The complete work/consisthg of t hree folio volumes was published in 1725. 
Flamsteed himself lived only long enough to finish the second of the three volumes. 
The third was edited by his assistants Crosathwaite and Sharp. It contains descrip¬ 
tions of the instruments used by Tycho Brahe, Hevelius, Flamsteed himself, etc. ; the 
star catalogues of Ptolemy, Ulugh. Beg, Tycho Brahe, the landgrave of Hesse and 
Hevelius and finally the British catalogue of 2,1*35 stars. 

(id) Undoubtedly Jai Singh possessed other astronomical works, but the only 
possible hints as to their identity are contained in the preface to his own catalogue 
where he mentions several astronomers by name. For example he not only 
mentions NnsIr-al-Din al-TusI (born A.D, 120]) but also his commentator ( AH 
b. JL) al-Gurgitiu. Nasir al-Din was one of the greatest Muslim astronomer®. 

1 fl Iin t in given in Appendi* A, He given th* rmte of preccotiott «u§ r>I p&eunt| A e 

may he rioted that ~ f™* ftlmont ex^tly and thin giv™ tfio dau fcif P\ukmy r $ 

tiitalogucr^ A*IX 111 fcpproiiniflldj* 
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He made observations at the llaragha observatory untl published the famous 
' llkhfinie Tables.* He wrote numerous works on astronomy and mathematics, 
including commentaries on the works of Areliimedes, Euclid, Ptolemy, etc. 

Coupled with Kaslr al-Din, Jai Singh mentions also Jam.-hid Kaslii (Jamshid b. 
Mas'ud b. M. Gijat ah Din al-Kashi) who was one of Ulugh Beg’s assistants. He 
wrote several works on astronomy and particularly on the Kaqani tables. He 
also mentions al-Sflfi (see page 10), 

{«*) Hunter 1 tells us that he met at Ujjain a grandson of Jai Singh's 
principal assistant ( i Jagannath). " In his possession,” he writes, *' 1 saw the 
translation, into Sanskrit of .several European works, executed under the orders 
of Jaisingha, particularly Euclid's Element!? with a treatise on plane and spherical 
trigonometry, and on the construction and use of logarithms which was attached 
to Cum’s and Commandine/s edition. In this translation the Inventor is called Don 
Juan Napier* . . . Besides these the Pandit had u table of logarithms and 

of logarithmic sines and tangents to seven places of figures, and a treatise on 
conic sections.” 

We are also told that £ ‘ maps and globes of the Feringhees were obtained from 
Surat.”* 


Personal assistance rendered to Jai Singh. 

3. Jai Singh did not rely altogether upon information contained in books. He 
sent to Europe '* Fever al skilful persons along with Padre Manuel ” ; Muhammad 
Sharif 4 was sent to some place, where M the southern pole was overhead ” ; and 
Muhammad Mahdi was sent to the t! further islands.' * 

Confirmation of the expedition to Europe is found in the records of the Jesuit 
Missionaries in India. In 1728 or 17*20 we are told 7 that Jai Singh sent Father 
Figueredo, a Portuguese Jesuit, to Portugal. Also the same records relate that on 
January fith, 1734, two priests set out from Cliandemagore to Jaipur, 3 at 
Jui Singh's request. The account* of the astronomical work done by these two 
priests at Jaipur and on their journey was written, according to M. 
D' Anville,’ 4 by Father Boudier, one of the priests who made the journey. Obser- 

1 Sm If ffwounl tif Ihi Atfrnnnmiati La W« of J*ya ■‘sinJri, Rajah of Amhhrn, or Jayanayar. By 
VY- Hitlilrr. AfUfttir Rnwuttlnw. Vot, V„ 1799. p. 209. 

1 Thin id ihd RfUwganito referred to on p. 69, 

* Thif» pmfii to It lha wtnmi of Tod* gtatamunt that .Tai Sujfih cnuRod 1 Van Jtian Napier m the 
cocUrtnif t T DD ftiid nw of bearithms to be trutrthtttl into Srin&kri(-" fH S®8), 

4 Garrett p. SO. In thr. Jaipur tnusrnm tbfn> in a tflirwlrml globo attributed to J m Singh e and far 
th«* binttfinini of Ulwgii Et-gi ro-urdinarea into deolinntinn imd ri^hl HMfuiiinn * latgu and fairly accurate 
cftauiud Rlobe wm used by Jai Singh "h waktiuitH p. 9). 

1 Tbore is a trefttisv tm the astrolabe (British Muslim Adit. mauurttrijita No, 7480}by ’Abdu 1 ] Rahim 
b. Mnhiknunad Hhwril abShanf. Thadatt* erf the inAnmurripl b» A, H. lltHS ( = JlD. fro Hurley p. 2. 

4 filLJTEtt ]k 20, 

* Uttmt tdi fin nits ft turj(u*r* y ft fit** dfJ Muw<m* llmnyitts. XouvtiU Edition, Mhnvift* Indt j, Tom* 

qninsi/mr. 7Vfqw«■ l8lfl/pp/2fli L 

* A joure ej ol ovrr a thouaruiil mile*. 

t ON 4 >nTi^rifti Qto$mphiqn** fait** m IT34 par dt* Pltu Jhmit£* r ptndant tevr d* Chtindemwjnr 

d Dtfiti d d Jaipoufj |i. 

i* EiktiTtittemfit* ptapn jA igi rJ *ur la Carte tfe Vlndt* Tana 1753, p. 46v Father Bonder a account m ■ 
not puLMbud till later, but iL DAnvillw obtained tha mnamcrfpt from 31 Ien^niJ. 

n 
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rations were made at most of the import a tit places through which they passed. 
The observatories at Delhi ami Jaipur are mentioned hut not those at Benares 
and Mathura, at both of which places they made astronomical observations, and ibis 
means that the observatories at Benares and Mathura were probably built 
after their visit, which took place in the early part of 1734. 

At the two observatories visited the following results were obtained ;— 

LoDgiludta Longitude latitude 

Eiui uf Pari*. Emit of Green with. uurth. 

Delhi. 75° 0' = 77" 20' 13' 28 s 37' 

Jaipur. 73 s 50' = 75° 10' 13' 2<j° 65' 

From observations of an eclipse of the sun made on December 1st. 1732, by the 

Jaipur Pandits, Father Boudier calculated the difference in time between Pane and 
Jaipur as 4 hours 55 minutes 34 seconds east of Paris (=76® 13’ 43' E- of Green¬ 
wich) and Father Boudier himeelf, observing the emersion of a .satellite of 

Jupiter, calculated the longitude as 4 hours 55 minutes east of Paris ( 70° 5' 
13" E. of Greenwich). In the Letirex ediftan/es et cut fetuses we read (p. 23D) ■ 
u Les observations, des satellites de Jupiter ont, etc faites par le Reverend Pere 
Chaubil (? at Pekin) avec une lunette de vingt pieds, et par les P&res JesuitesT 
qui el a lent en voyage avec une de dix-sept pieds.” 

This visit is of such importance as to warrant quotations from earlv works 
regarding it. We read in the Lett rex edipantes (p. 209 f.) : *’ Le Raja d‘Amber, 
Jossing-SavaO, dont Its Gazettes d’Europe firent mention en 1728 ou 1729, au 
sujet d'un voyage en Portugal, que le Reverend Pere Figueredo, Jesuite Portu¬ 
gal s, fit par scs orders, mourat en 1743. Ce Prince ayant demand# 

del peres Jesuites de Chandemagore, I’esp6ranee de le rendre encore plus 
favorable aux Chretiens, en favour de qui il avail deji commence une Egliac 
dans sa nouvelle ville,* detenu ina leur Supcrieur-General dans les Indes a ltd en 
envoyer deux, qui partirent de Chandernagor de le 0 Janvier de 1'annee 
1734, et qui firent les observations geo graph iques qu'ou va rapporter. C’est 
tout ce que leur a permit de faire en ce genre Fmcommodite des voyages en 
ce pays-ci T sourtout fomqu’il faut lea faire par terre, et leur mauvais sant#, 
tons les deux devant leur retour avunt pens# mourir de m a ladle, causes par 
les fatigues et les man values eaux qu'on eat oblige de htfire en cbemiu.' 1 

In 1775 M. D'An ville wrote 3 " Cet habile Astronome (P. Boudier) se ren- 
dant aux solicitations d’un puissant Raja, nomine Jassing-savaC*, fort curieux 
d’astronomie et qui non content d’avoir fait construire un observatoire dsns Ja 
ville de sa residence a environ euiquantc lieues de Delhi, en avoit ele’e un 

1 Ti * Faria clunrvatfwy to 0* If 20-0 set* =5“ SO' IK' E. of Grecmricb. Jaipur clwcvnuny |* 75“ 4,1 
10*0* >1 at Gntiiwich, while Titlhi ntarvAtory to 77" 13' S' E. Thu approximately correct latitude* 
are Delhi 28° 37' 35' N.. Jaipur 20* 35' 27' S, 

in the toller part of the seventeenth century the difftonllj' of chromatio aherraUoli waa partjnilv 
overcome l»y the n*» af very tong tole*eu|w»—idtett * hundred feet or man. Thij led to 'mrtol 
«ojm*' without luhr* of which to Hire in 1715 gavs a deacriptioft ; pwRibly Father EouoiejVj t 

Mi mil one (lf thin type. 

1 Jaipur iiu built about A.EL 1728. 

* A fji, jn^Aigue dt Finds, p, 60, 
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autre avee magnificence dans un de ces faubourgs, & appele Jassingpura, met 
3 minutes 40 seconds de difference entire la hauteur rapportee an Palais du 
Mogul et cet observatoire, ce qui dunne un interval le d'environ 4000 toises.” lie 
died about A.D. 1702. 

Tieffenthaler, a French Jesuit, who landed in India in 1743, the year in which 
Jai Singh died, writes :* J’ai fait trots on quatre excursions i Agra et Delhi, pour 
faire visit© au R. P. Andre Strobel que Jessing, Raja de Djepour, curieux d’astrouo- 
mie avoit appele d’allemagne avec un compagnon." 

The only other European connected with Jai Singh that we have information 
, about is a Don Pedro de Sylva, who, according to Hunter, was a physician 
and an astronomer and resided at Jaipur with Jai Singh. De Sylva, it appears, 
died about A. D. 1702, 


o 


1 Oftrfip!ivfi *1 gic^mphiqut Jc f Xwfa 


Ei|. bj J. Burnt; 



Prtf.tctr p, S, 








Chapter II.—JAI SINGH’S ASTRONOMICAL TABLES. 


c. 


4. The Zij Muhammad SMAi is a set of astronomical tables prepared under 
the direction of Jai Singh and named after the Emperor, Muhammad Shah 1 * * 4 . 
Of this work, 1 found (A) an incomplete Devaniigari manuscript at Jaipur and [BJ 
a complete Persian manuscript at the British museum. At first R was supposed to 
be an original work while A was said to he, not the Zij Muhammad fihah* itself 
butf Ulugh Beg's celebrated catalogue brought up to date by Jai Singh and 
his assistants, 

5. (A) The Jaipur manuscript begins as follows :— ■ 

Homage to holy Ganesh. Catalogue of 48 constellations. From the time 
of Ulugh Reg's table A.H. 841 to the present date A.H, 1138 s or 
2D7 years the mean motion* is 4 degrees S minutes. In the Zij 
Muhammad Shahi the estimates of declination, etc., are taken from 
(i the globe. Right a see ns inn divided Ly six is apparent time.*'’ 
Two pages of the .Jaipur manuscripts are shown in plate [1) (Figures 1, 
2) and I give below extracts 1 from the manuscripts together with a 
table of comparisons. The manuscript gives : («) The numbers of the constella¬ 
tions and star numbers/and these in all eases follow Ulugh Reg’s order exactly 
(ft) The nomenclature which is a translation from Ptolemy { through Ulugh 
Beg.) In a few cases the Persian and Hindu names are also given, (c) Ulugh 
Beg's longitudes with 4 ° 8 ' added fr>T precession. ( d ) The latitude which in 
practically all cases in the same as Ulugh Beg s, (e) The so-called polar longitudes* 
(what Delamb re calls ‘false longitudes ’) j this is the Stirya Siddhd/tta method 
of indicating the positions of stars, but it also occurs in Muslim works, eg., Abu 
* Ali a 1-Ha son in the 13th century of our era calculates the polar longitudes 
for a number of stars; and the presence of these polar longitudes in Jai 
Singh’s catalogue is possibly due to Muslim and not Hindu influence. (/) Decli¬ 
nations 1 and (g) Right ascensions apparently read off from a globe (A) Right 
ascension in ghatie and fata# obtained from (y) by dividing by six* (ft) Star 
magnitudes which seldom differ from these recorded by Ulugh Beg. 

The catalogue in not an original one but is Ulugh Beg's brought up to date 

1 Hunter and other* »»y that .JjjJ SicijfJi wu* shown by Mnliwud Sh*h tc reform the tahmW j but probably 
Jui J&tngh wun ibt 1 mover (uid at tjjn mnat obtained Emperor's forma] Buneiki^ 

* A IL &U =A,B f i AH. 13 38 AH, l"i'r t\ - and 2tP7 Munlim ycar = 2ttS'2 f'hrwti.in jvam, [A \\ 

€22—3 3 1 / 

I flw 

* The pns™sioti I.F the Cfriimw h m™nt. The rate Bern given, 4 “tS' in -07 Jr ; , 3 |j ta v^rt, ia aaoivafatat 

to St'tT a Sw nppnndix I> f * 

1 Fartii f are given in Appendix A. 

4 Thu H* Juogitndv u muW ™ the- ediplio by th,< rirclw of dwlin.tian, that ia, the different* (AM Mwetia 
tLo true longitude !p end H*r longitude (?) !■ tW portion of the rcJiptir intern,^! bawtm the dr, ^ 

and latitude The polar Latitude ST (whirl. i* not giv.o in Lh* M«.) ia. s j nl iLir!j, the t h u 

dwlimvtkm ciirte between th» tar widths erJiptifl. The chat*, pf eMbt,, CAn hv ma j D by ^ u( , b(J £oll ,^ ulg 

I.vsouLp (0 Ian tf=» ^ «■* * =** M. *j» M (f*d> =!„„ 

' U) paisa = I glmli = 24 niiuiiiM-f> d« g rvcA. 
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The method of transference of cord mates employed wns bound to Scad to errors of 
certain types, fi2», errors due to the graduations of the globe employed, and a 
greater apparent error in northern latitudes. The table has a special interest 
of its own and an interest in connection with Jai Singh's work as showing at 
least one of the sources of his astronomical knowledge. 


Extract ftom the Jaipur Catalogue, 


A 

B 

Cl 

* 

E 

F 

O 

H 

I 



LongLltide, 

Latitude 

Polar 

Longitude, 

Li nation. 

Right 

Dagl^j- 

A# L-PELHlma 
in ghana 

fund jrftlfifp. 

Mapnilndc* 

VI 

CnuliUdfiOi of ^ 
Crar*- 

a, * r 

■a ■ 

j " r 

■ t 

* r 

g. f. 


L 

Vwty brilJJmrt 

i ns 

+40 30 

7 $4 0 

+ 28 O 

m o 

33 30 

2 

■2 

Beyond this 

7 SIS 

+ 48 24 

7 22 0 

+50 15 

223 5 

33 M 

4 

3 

Ahum the mond 
, to the onrtK 

7 5 IB 

+48 21 

7 n 40 

+31 S 

223 50 

3H 13 

4 

4 

The ihtrd to ih& 
D'jrth of tbi*. 

7 7 48 

+ 50 45 

7 20 0 

+33 15 

233 15 

33 33 

e 

5 

If) the lafge 
■lie to the aonfh. 

7 10 M 

+ 44 27 

7 M 0 

+27 0 

232 15 

SB 43 

4 

0 

ISeartkifli little to 
thfl north. 

7 12 54 

+44 42 

7 25 30 

+27 0 

255 50 

33 SB 

4 

7 

. to this the 

njith to tho 
frfiutk 

7 14 1 

+40 0 

7 23 50 

+ 28 0 

230 O 

39 £0 

*#■ 

4 

s 

Kev to iiLimber 7 

7 14 30 

+49 30 

10 0 

31 0 

£37 30 

33 35 

4 



From Pud™?. 

Modem 1 

amio. 

>Wh 

Bio. 

F^f ?] lFlE V"C s 
u etwee a 

MS, 

ULroa BcO, 

UrrrttiiirK'i m- 
wEi.it MS, *nti 
FiiiMirriiTi MEiHfci p 

to AJ>* 1725. 

1 

Longi¬ 

tude* 

Latitude. 

A long. 

A Lat, 

A long. 

A I>1. 

VI 

Corona BoHoftV 


s'** 






1 

Fulgrtu earum qnao amSt in torOM+ 

3 a 

7 4 34 

+44 13 W 

+ 4*4 

+4J 

+ is' e’ 

|—a’sns' 

2 

Quro diq dci irtia prwodit 

3 5 

7 1 40 

+45 24 

+4°B' 

3 

+ 31’57' 

-J-lfl'lS 1 

3 

Eomiliur qn»islam wqujtnx. 

4 J 

7 1 10 

+48 21 

+**r 

3 

—irae* 

—1ST51* 

»/ • 

gcqattiS istam et borr*hor irta 

u 17 

7 3 40 

+ 53 45 

+4'B 1 

0 


+ U'5fl" 

^ 6 

Qa» fulgcctlem a meridi* guitar, f * 

u 7 

7 0 28 

+ 44 27 

+ a n 6S* 

0 

—ss’sr 

—S'19’ 

6 

Qijf ust am prapfiua acq uit ur> 

IU * 

7 S 40 

+ 44 42 


0 

-uw 

— ire* 

C- *- 

r 

ft *%: 

(ft* '"fO*t intai nifftta acquit df. 

fl 

7 10 55 

1 +49 3 
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— e jtr 
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0 (B). The British Museum manuscript 1 betiTS the title Ztj Jadid Muhammad 
Shalti (the new Muhammad Shfih tables) and Kitja Jai Singh Sawai is indicated 
as the author- The work consists of three hooka: (L) On the current eras, 
namely, the Hijruh, the eras of Muhammad Shah, the Christian eru, and the 
ft-imvat era, (ii,) On the determination of the ascendants, (iii.) On the motions 

of the planets and and their politic ns* 

The first two sections follow Ulugh Beg and the third section ia simply 
Ulugh Beg brought up to date. The catalogue of stars is headed : Table 

showing the positions of the fixed stars us determined at the Samarkand obser¬ 
vatory.” The catalogue gives {a} serial numbers, (A) conatellj^ion numbers, (r‘) 
names of constellations and stars, (d) Longitudes, (c) Latitudes, (/) Directions, [g) 
Magnitudes according to Ptolemy, fA) Magnitudes according to SuRr The total 
number of stars given is 101S (Ulugh Begs number) and these are arranged 
in identically the same order as those of Ulugh Beg. The latitudes are the 
same as Ulugh Beg's and the longitudes differ by 4° 8', as in the case of the 

Jaipur MS. i 

7. The preface to the Ztj Muhammad Shahl is, from'historical point of view, 

perhaps the most interesting part and is here given in full. 5 

Praise he to God, such that the minutely discerning genius of the pro- 
foundest geometers in Uttering the smallest particle of it, may open 
the mouth in confession of inability ; and such adoration, that the 
study and accuracy of astronomers who measure the heavens, on 
the first step towards expressing it may acknowledge their astonish¬ 
ment and utter insufficiency Let us devote ourselves at the altar 
of the King of Kings—hallowed be his name—in the book of the 
register of whose power the lofty orbs of heaven are only a few 
leaves; and the stars and that heavenly courser the sun, a small 
piece of money in the treasury of the empire of the Most High. 

If he had not adorned the pages of the table of the climates of the 
earth with the lines of rivers, and the characters of grasses and 
trees, no calculator could have constructed the almanac of the 
various kinds of seeds and of fruit which it contains. And if he 
bad not enlightened the dark path of the elements with the 
torches of the fixed stars, the planets and the resplendent sun and 
moon, how could it have been possible to arrive at the end of 
our wishes, or to escape from the labyrinth, and the precipices 
of ignorance. 

From hi ability to comprehend the all encompassing beneficence of Ilia 
power, IfliTARent'S is an ignorant clown, who wrings the hands 

of vexation; and ill the contemplation of His exalted majesty, 

_ 


■ Ritrii H f abth^nt (if OriVnIlrf MSS. ,J Add. 14373. F^IL H22 ; IJ£ bubal by 7 j ; 12 line*. 4} htihr* W ; 
•riittrn in Notfilik, with 1 Umnn uml gofdrafat margin-, apparently in tin* I&iH leatury (fhtaeta Ctwtotn).’* 
The MS. is in g<w*l oondHlea and canid easily It pcpriHluci-tl by fotugra|tii. 

i \lx1nrrabniiu t). 'Omar, AbG1-ltuM‘ifl, aI-SuB (.lied A. I>, S*SSJ Wraln an tho fir mi staJe. lb- afllrokhe,] 
lit Snter, JX* JTrtlA. v, A*ir, J. Aral*/ L. fy 

* Hunter tit. JIhv I, g- H8 f. 
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Ptolfmy is a bat. who can never arrive at the sail of truth ; the 
demonstrations of EUC LID arc an Imperfect sketch of the forms of 
his contrivance; and thousands of JamshId KasLhI', or NAsut ft .•si, - 
in this attempt would labour in vain. 

But since the well-wisher of the works of creation and the admiring 
spectator of the theatre of infinite wisdom and providence Sawai Jai 
/ SiUGB*/from the first dawning of reason in his miad^ and during its 
progress towards maturity, was entirely devoted to 4 the study of 
mathematical science, and the bent of his mind was constantly 
directed to the solution of its most difficult problems: by the aid 
of the supreme artificer he obtained a thorough knowledge of its 
principle^ and rules. 

He found that the calculation of the places of the stars as obtained 
from the talcs in common use /such as the new tables of Said 
U iTROATti 1 and KhAgani, and the Tamhtfat-Muta ('hand? AHxir 
Shah?, and the Hindu books, and the European tables, 7 In very 
many cases/ give them widely di lie rent from those determined by 
observation : especially in the appearance of the new moons, the 
computation does not agree with observation. 

Seeing that very important affairs both regarding religion and the ad¬ 
ministration of empire depend upon these; and that in the time 
of the rising and setting of the planers, and the seasons of 
eclipses and of the sun and moon, many considerable disagreements of 
a similar nature were found he represented it to his majesty of 
dignity and power, the sun of the firmanent of felicity and domi- 
niun, the splendour of the forehead of imperial magnificence, the 
unrivalled pearl of the sea of sovereignty, the incomparably bright¬ 
est star of the heaven of empire, whose standard is the sun/ 
whose retinue the moon, whose lance is Mara and Ilia pen like 
Mcrcurv with attendants like Venus, whose threshold is the sky. 
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J , t a „ ,l, h1 b, M®*wl Gijat *1-0111 ut-Kihlii m fair o[ I’Ju^h Bej{6 rwlpim'mur*. 

* S*.5r ol.JHii win born A.I>. ISM. Hr worked m tV Marigba ob-rmitiiry Mini puUbhi-.I th> f*motn 

TiiVlrs.- Hr fcwnriotod EudH'a tt ,wi *i* *.id Ptolemy' e- Almw't- <**■ * fule Itl6ll 7 " "" ^ on iwtraiKiuy. 

rjal Singh write* in ti® third iirtuon. 

» Posaiblv Mill !i. M. al-Bslji'l ol-Sarif «tl.nurgfin?, win lired fr<™ A.U. 133U to MM m ^<iraii, mmI 
vrot , rmniumtiirv on X*|ir d-THeft J7.rfi-.rn ft. iiW*/r>.V Atathw^r and Jt'w.m.* dtr Ambtr «mt 
fht u-, r ,, p 17 ^. but (iurg&ni Will. . tl^ituintiim at Clngb W- Wly •4J.it Ulufib feg’t tablet were «Dttietun.:-n - 
l|lrmod th( .' (jargilnT rjiimn [So* L.PJLA. FAliilot's FhAMik ■ di* imlnaomigwA rf'Obmj Brg, p,tr, ji* ; 

il[ft| l rlt .;.Atibari t (m) ill ami 41 l-Wu's edUkm) j At-bamum*. (If. 204 i^vmUS^a K.iiti.mJj 

* Swlw [p os) mention* "rt al-Khiiqnm. *n natmtioiMi j md astrtdofli rVhu died in A. 1). ml* ami who woriwd 
u imptoTins lb* .rtn* wnreal IV Kl^Sni Ul.hu w«* ntgptomwtary lo Hit- HDiftme table* of N-wiv 

iil-Tfl*! and wrrf iin-purd and rdiusti by JiSRuhtd al-K&jlii. 

I ■ MraUiil the JMtnduevf, who w»» (xmhwwmI of (trout acutoMH *md tbrntugb dettonty m iha 

P f tin- ealnlnbr in llir . mtmiMOg Of attnoMUilhral tables, tbn LHUiatmriiii .1 uf nl*caiwi iho hU.-rpn-latioa H 

ti .„ Ft in , w .„ ... lo u- ill ikttomUiiico tit tb9 POTUM* ..I tbo eiijioln of chjwtfEy in ottlrr lint I.- nil R ht «bwirn 

O,- hilnn/ timr and ownriain osaettj th* Period of Wrth (of Atbflr). Hr upon.*! in wnVng to U„.- r«im, 

lo ulfit uiEgo tttkrn by the A jrtmkit and hy oakalilmo, ou ih- o., re i„S fa.hi» 

< U-^rrn^TiL- 1 . VoL E^flU-Tfl/Kd- Ibivrri J t *e). Hr uluo tail tin htiu woj» uE Jahangir In AD. ISTOiiioanling bo Uo- . _ 

canon <& at*o IW i*i.J ^4}. , — T , — / 

f ( v mforring io Ija IHnj'a Tahiti* Aslwnamkir uad FI^tvibIcmcS > Hwtorw * *'y Bntomiia?, 
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wliose Signet is Jupiter, whose sentinel Saturn—the Emperor des¬ 
cended from a long race of kings, an Alexander in dignity, the 
shadow of God, the victorious king Muh ammad ShaK* t May he ever 
be triumphant in battle. 8 

He was pleased to reply, since you, who am learned in the mysteries of 
science, have a perfect knowledge of this matter, having assembled 
the astronomers and geumetricians of the faith of Islam, and the 
Brahmans and Pandits, 3 and the astronomers of Europe and having 
prepared all the apparatus of an observatory, do you so labour 
for the ascertaining of the point in question, that the disagreement 
between the calculated times of those phenomena, and the times 
which they are observed to happen may be rectified. 

Although this was a mighty task, which during a long period of time 
mme of the powerful Rajas had prosecuted ; nor umong the tribes 
of Islam, since the time of the martyr prince, whose sins are for¬ 
given', Mirza Ulugh Reg, to the present, which comprehends a pe¬ 
riod of more than three hundred years, 1 had any one of the kings 
possessed of power and dignity turned his attention to this object. 
\et to accomplish the exalted command he had received, he bound 
the girdle of resolution about the loins of his soul and construct¬ 
ed here 5 several of the instruments of an observatory such as 
had been erected at Samarkand 6 agreeable to the Alussalman books* 
such as Zat al-Halqa * of brass, in diameter three gaz* of the 
measure now in use and Zat al-Sha'batain' 0 and Zat al-Zaqalain and 
Sads 11 Fakhri and Shdmalah, 1 * 

But finding that brass instruments did not come up to the ideas which 



■ Aiumimmul aftah reigned ltlJLLl 
1 This mu* liive been Written before 1730 when Nadir SliAb woked Delhi, 

r\u*S* Win Prh S ■L i ■ T li immm _ ‘ . M w-r* ■ 


- - -X 1 u-j n am * 1 UE 1 ijt Q 

J These wwm to be carious tixpraHiutia for a Hindu Lb use. 

* Hugh Beg Tn» aaouisuiated in A.D. 1 «H while the Zij Muiarnmod ShaA J k „ , 

in 1728, npproiimatcly 2b? Muslim jeors after, .See p. if. I posed okvt bom pullisl 

* At Delhi, 

■ We have vary Uttlu information about <tre ot*errnterv at fvt mare rind. n*,™ * . , , 
iiteil by Ulugh 15-gww w y g h as the commit of St. .Sophite atCMMUHtimjpHor.bout iSdW rT 
ARtTbuotaets bad aIiki ilnvised bage iuatnnmsiite [n AD. SflS Abul WjJa nwd » "V ' ■ lr- earimrMiuil 
...he., .I-Khrj.od. Lt „, T*T,“ *"> 

lot a fuller accetini nt Muslim instrument*. 3 ™’ ^ CIXL ** ™ j’figo 

1 St* betow for a bibliography of book* on the luuohlw- ti.™ — 
astronomical instrument* available. ” ntunamu Arabic and Persian works 

* A nng iiMtmnBnt. arm Ha, uplutiv auuHori* ■ —jNJIino iL S2!)] 

grz i :n " d ?r' ,r >“ •«* •*« • .b™*,*,. 

M wtrntab* with two tings of part#, II U tb* or " tL H 

ft the <ionc cQiliW (NalUno L. Leiden is a MS th r.-t>,n- W'tlacttta. Ai-B*tt4ni m 

by the celebrated M* bin -ft* 1. a m T, T T*"* ** ***** - 

Instrument {.Suttr pp. gr> and 4»). * 1 11 watt also wrote on the am 

“ Tbil rauat *» the same ae the Shtinktdmlfj Vamim u 
caJW«4«*Mi/fcri/* See page* 3 and®, ^ to ‘the Yavaa 

* The Jot PrakAs la called *h<tmlaA by Hunter. ” 
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ASTRONOMICAL OBSERVATORIES OF JAI SINGH. ]3 

he bad formed of accuracy, hecatm of the smallness of tlmr size * 
fbe want of division into minutes, tbe shaking and wearing of 
their axes, the displacement of the centres of the circles, and the 
shifting of the planes of the instruments, he concluded that the 
reason why the determinations of the ancients, such as Hippauchvs 
and Ptolemy, proved inaccurate, must have been of this kind. 
Therefore he constructed in Dar al-Kbakfat Shah Jahanabad, 1 which is 
the seat of empire and prosperity, instruments of his own Lnven- 


•/ 



tion such as Jai Prnkas and Ram Yanira and Samrdi Yantra* * * * * the 
semi-diameter of which is of eighteen cubits and one minute on 
it is a barley corn and a kaif^of atone and lime of perfect stabyr, 
lity, with attention to the rules of geometry and adjustment to 
the meridian and to the latitude of the place, and with care in 
the measuring and fixing of themjo that the inaccuracies from the 
shaking of the circles and the wearing of their axes and dis¬ 
placement of their centres and the inequality of the minutes 
might he corrected. Thus an accurate method of constructing an 
observatory was established and the difference which had existed 
fietween the computed and observed places of the fixed shirs and 

planets by means of observing their mean motions and observations 
was removed. 

And in order to confirm the truth of these observations he constructed 
instruments of the same hind in Sawal Jaipur, Mnthra and Benares 
and i/jjainV When he compared these observatories, after allowing 
for the difference of longitude between the places where they stood, 
the observations agreed. 4 

Hence he determined to erect similar observatories in other large cities 
so that every person who ia devoted to these studies, whenever 
he wished to ascertain the place of a star or the relative situation 
of one star to another, might by these instruments observe the 
phenomena,* 

But seeing that in many cases it is necessary to determine past or 
future phenomena; and also that in the instant of their occur- 


-V 


* Cl. Mbvnmi < ?kronol m vf A «chm Hating tp. 1 I (who writes: "ft is iMpowkl* tv fli ihR dirt* of th« 

™ |B b ? ***** 01 thc P arta " f th " eirele. 1 to the snmTInera of the incbtnutibi of ,tervita ' 

paridun with the of the hddiQ, which to be otwer vod, Ontli s ,vl,jMtIJi. ¥oon Ui™ tHl u 1B1TboQfcc4 | lnf1 ' 

ffiM^.VUdd b,Lhl,lnf-nl WJ," LP.E.A aSdllfct tp. ™i s j gf r « tht following InUnrttino qdataUor. ! 
■■ su j-WBi. pu. ii»Mt Ebn-Ort*, fnirr un owl- «|ui n'uppnyat d'un cot* sur ]e» Pymmidra „t do r*„ trt * 0I . fe men t 
Murnttum, Jo Taqrab fait [ air plim I'instrument out grand. plus |« otjorstions soul inste*.'' 

' L*. riolhL 
1 Sffl W\vW p. 36 siq. 

1 To truth* tbn measure manta tU iho cubit n.wd muni have lifeii o largo cubit 30 a5 H tiins. 

* Ttiis implies that thn [Julhi Observatory wais eotnpfctod tofu™ lbi> others we™ started ■ and thil uL uf if 
wvr* built befog*tho ptwfaeo wa» written. This dates the preface after 1734 mhI prrhapa after lV;n t S» p 15 , '^*“ 

1 ” B9t lW «W perfect -giwment with mm* caqt.on. Wo fnvo ray few rLird. 

uf -foi Smgh m uctuul onlcolutioiu or tjhwrvutmim: his rdne for prcocnfai was 5f-0* n jo»r and fur tho obtu „ lf 

wJ wS 0* 

1 The project uf building observatories at other pkcoa waa never earned out. 
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rence cloud ox rain may prevent the observation—ox the power 
and opportunity of access to an observatory may be wanting—he 
deemed it necessary that a table be construe ted by means of 
which the daily places of the stars being calculated every year 
and disposed in a calendar may always be in readings* 

In the same manner the. geometers and astronomers of antiquity 
bestowed many yens on the practices of observation—thus, for the 
establishment of a certain method, after having constructed these 
instruments, the places of the stars were daily observed. 

After seven years had been spent in this employment 1 * information was 
received that about this time observatories had been constructed in 
Europe" and that the learned of that country were employed in 
; the prosecution of this important work-4*tlmt the business of the 
observatory was still carrying on there and that they were cons¬ 
tantly labouring to determine with accuracy the subtleties of this science. 
For this reason f having sent to that country several skilful persons along 
with Pa ore Manuel 3 , and having procured the new tables which had 
been constructed there thirty years before and published under the 
name Lib 4 * as well as the Europe tables anterior to those, 6 7 
On examining and comparing the calculations of these tables with ac¬ 
tual observations it appeared that there was an error in the 
former in assigning the moon’s place of half a degree- Although 
the error in the other planets was not so great, yet the times of 
solar and lunar eclipses he found to come out later ox earlier 
than the truth by the fourth part of a ffhttii or fifteen palm* 
Hence lie concluded that^ since In Europe astronomical instruments 
have not been constructed of such a size and so large diameters, 
the motions which have been observed with them may have 
deviated a little trom the troth.' 

Since in this place by the aid of the unerring Artificer astronomical ins- 

% TImJ ctinmnlfigy ta wry iirircirtnirL Delhi Olwervatory wwa flfiWtnictwl nlKiqt 1724 and thn tabled, 

U IP maid, wpt* iiiiLiitf-d in 1728 : but then is eridistu* Lhoi Ituoifl ti£ Uj thi; condnaitm thit this jiralficii w /14 written 
luler. \k L3W), 

t X'rnntborz 1 Tycho Bmh»*olwcirvUoiyI in 3576 1 Leiden I0S2; P^rla ICHFI ; Greenwich 1675: BnrFiri 1705; 

fiL PetenhWflfg 3 725; TJjkmIa 1730. 

» In 1728 rrr HJF9 th» RoVcrttid Father Ki iju n rrdu. 11 Portuguese Jesuit, went to Earnpu by thu order of Jap 
Singh, Possibly this is the Mtne man. Strt Utirc* tdigflttiw *t can7fit*eii-tsv. 260. 

_i I* Hlre> Tthutw Antrofu/mia* wos iiubliHlii'd in ]7flp< ae* p. 4 Father Headier v ho w«tt in F>eL5ii and 
Jaipur in |T‘14. aehmlly refers to thU udiiicm, Re writer : lEn hm wn-aiiT. dw In mfithud* dr M»dri fa Hire, Alitiuii 
t't n „ tabl-es 1702, papt* 33* uii a troai-J que h ttimmimccmmi de r&ilipee a Df-thi. lorsqiftl titait k Ri my U heuiep 
-10 55 Beoand^a du matin, etov' L*tir<\ ett it p 289. 

6 Wu know tbnt* ImsidotJ La Hir- p h tables Jai pmhpwj f fof Ulugh Be® mid Fljinuto^, The latter * 

w rk contains j^fmi the tables nf Tyclw Briba* Umdyjmv’ Hcsb* anti HevuliM, OLbflf ]H»BLb|i' tables nun tho 
Tr frtaH TuMf lit K'S^: Ebi- Atfrmmne TmhiiS, 1252; Rembdd't P-ra^vi* Tnblt* r 1551 ; Kepler Rridatjthiji& Tuhtt# 
|li27 1 ..usattWi tables, I0&8 anr| |0©G ; HalleyV table*, I7K>- ott. 

* |W jioii-fT I [|Apf|=S4 minuti-*. and Iri mtimt&a. 

7 The icwtmnifnt.* ued by Rjirrijiiaod 11640-ltlti) an iron ucxtfint nf fl fret radius \ a ihmvfnirt qqftdmni« 

4i muriLl 51 m- rif Mri ^nti rodiiiK 7 fixi " dirtdoH w’llh hilhertti muippmuhed nmurmcy 11 nn t] with which nil 

\m mcjflt Tmltubk mirk is ^secuted ; two pMi w\& two takticoptn. For further jiftrtkubrf of Eun»[itua in^. 
trymcaU, fife p. S3. 
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truments have been constructed with all the exactness that the 
heart can desire and the motions of the slurs have for a long 
period been constantly observed with them, agreeable to observa¬ 
tions mean motions and equations were established; he found the 
calculation to agree perfectly with the observation. And although 
to this day the business of the observatory is carrier! on* a table 
under the name of His Majesty, the shadow of God, comprehend¬ 
ing the most accurate rules, and most perfect methods of computa¬ 
tion was constructed—so that Avhen the places of the stars and 
the appearance of the new moons und the eclipses of the sun and 

lliru hi! rk r i j I + "I i 11 rt i ■ m m m J T . f j I 1 i i ■ + 



fact, is every day seen and confirmed at the observatory. 

It therefore behoveth those who excel in this art., in return for so great 
benefit, to offer up their prayers for the long continuance of 
the power and the prosperity of so good a King, 1 the safeguard of the 
earth, and thus obtain for themselves a blessing in both worlds*. 


' Mufciuiinuuj .Shah died in A. 11, I74S live yuan; after the denth nf ,Tai .Sineh, 

' There uu «wm fpointi about Jh^ preface that fife not ijaite ntnwistant with eatb other and known 
far'ta. The t.radiliub b that the Zjj HvAttmmiit $lnih{ wan eompJetcd in _LJ>. 1 72s and thin Id. to Bom[ , 
rateni, cooltrwed by tin- Jaipur MS. j the inefare wan written some linn, after ale the oTmirralniiin h-a 
1 ,^-n baiH. tint is after 1734, ud " more 0t*n »hi year* 1 after i the death r.f) Hugh iVt- fL'Iurh Jfc., 
died lu Vli (Ki3, and 6534 -Himi = ] |rA AH. A.D. J7-HI-I] Tin- legitimate ront'luirian is that the preface 

■ r* i■ u ii I . . ri htstti . . ^ . i l . . i-. I I + fi ta. .. f d ■ L. i. I I 


ifjl 9 'wfiitt'hi ftomi' mpfliiieraMs time alter thr- Lm L-l 



In \m Garrett wrote ill the Mf Mihammad Slstf : “ I kmvv uhjiU tit procure the L 

ortifijiuL uteven & Wnwnlw wpj H up ^ lHa pjvj*mt tim* iba only mp>- of J*i MtnmomkJ 

tMomt or Z**ek NvSommtd Shtihi, which law been obtained i» » bu^fc in Persi'in cluirat'tpr-* iTnfor^ 

tonatciy monl of the figures are written in a kind of cypher, ud iLlthmigh Ihv kev to this bis U n 
found,, fhr thorough of this work will Jtoc**wttv prove it long anti htljorimi* ig u 

*ud 74 ). IV Britwh Museum Persian MS, la In niceilent condition nod aJthoagk the table# ar<« of enuriv 
in the QbjQit not*! uni* Limn* would be no difficulty in tmuduting them. 







Chapter III.-METAL INSTRUMENTS. 


8. Jai Singh himself tells us that he first constructed‘according to Mus¬ 
sulman books' instruments of brass such as Zfit al-Httfaq, Zat al-SIttf batatn, etc- , 
and at Jaipur I found a unique collection of such instruments, including 
Arabic and Persian astrolabes, dating from the time of Shall Jehan. 

These instruments play a very important patt in Jai bingk s work; to 
appreciate which, a proper understanding of them is esasnlml. Enquiries 
in other parts of India resulted in the discovery of an excellent astrolabe in 
the Indian Museum, Calcutta; and one of rather inferior workmanship at 

Lahore. Tod tells us * 1 of a dial " on the terrace of the palace of Oodipoor, and 

Various instruments at Kotu.h E and Boondi, especially an arm illary sphere, at 

the former, of about five feet in diameter, all in brass, got up under the 

scholars of Jey Singh.” At the Lahore Exhibition of 1864 certain brass 

astronomical instruments from Kaputt-hula and other places were shown : these 
included 41 two fine astrolabes/’ one spherical and one plane, and several dials. 

The metal instruments actually examined, most of them at .Jaipur, we.e 
as follows ;— 

A.—Astrolabe. Diameter 13 inches. Seven tablets. Jaipur. Figures 5 
and 7. 

E—Astrolabe dated the 31st year of the Teign of Shah Jehan and A H. 

1087 { — A.D. 1057). Diameter 13 inches. Jaipur. Figures 6 and 8, 

C-—Astrolabe. Designed by Muhammad Amin bin Muhammad Tahir and 
engraved by A’bdul Alimah. From Herat, Diameter 7 3 inches. 
Indian Museum, Calcutta, Figures 9, 12, 15 and 16. 

D. —Astrolabe. Diameter 0 inches. Jaipur. Figures 11 and 14. 

E. —A Zarqali astrolabe dated the 23rd year of the reign of Auiangaab and 

A.H, 1091. (=A,D. 1680). Made for Nawab Iftikhar Khan by a 
certain Zia-al-Dm. Diameter 2 feet. Jaipur. Figures 19, 20, 21. 22, 

F. —Astrolabe. Brass, 4'3 inches in diameter. Lahore Museum. 

G. —Hindu Astrolabe. Diameter 18 inches. Jaipur. Figures 36 and 37. 

H. —Jai Singh's iron Yantra Raj. Diameter 7 feet. Figure 38. 

I. —Jai Singh's brass 1 antra Raj, Diameter 7 feet. Figure 26. 

J. Unnatamia Yantra. A graduated brass circle 17A feet in diameter, 

Jaipur. / 

K. Ckakra Yantra. There are two at Jaipur G feet in diameter and 

one at Benares 3 feet 7 inches in diameter. Figures 57 and 05. 

L. —Krdnti vriui Y antra . Jaipur. Figure 58. 

MH ind u Astral n be. J ai pur. 

1ST.— Fkmva-bkmma Yantra or ‘Circumpolar instrument’ Jaipur. 

»Vol. It, 350. 

1 S&e p. ^4 for an amount of lortHEmnit presented by thu R&joh of Kolidi to tbp OoVEimmoat 
Lit IdiIIil 
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O. — Armillary sphere at Jaipur. One also at Kotah. 

P. — Arabic Astrolabe. Brass, 5 " inches in diameter, Delhi. 

Q. — Persian Astrolabe. Brass gilt, 3 - 7S inch.es in diameter. Delhi. 1 

R. — Hindu Astrolabe. Copper, 7 inches in diameter. Delhi. 

Of these it is possible that all except ‘ C ’ belonged to Jai Singh and it 
ia pretty certain that a number of bis instruments have been lost {e-f}. p see 
page 31), The most important atc A and B (which, for convenience, ! 
term ‘Jaipur A' and ‘Jaipur B) and the Zaiqall instrument E. ‘Jaipur A’ 
and ‘Jaipur B 1 are of extremely fine workmanship, while E is an interesting 
example of a type hitherto seldom described in detail in European works. 


The Astrolabe. 

9. Of these metal instruments the astrolabe appears to hove played the 
most important part in Jai Singh’s work. Indeed in the middle ages the 
astrolabe was one of the chief astronomical in strum cuts. The Arabs perfected 
it at a very early date and it remained one of the principal astronomical 
instruments until about the 17th century, and is still used in the East for 
astrological purposes. It was usually of brass 1 and varied in diameter from a 
couple of inches to several feet. The mariner's astrolabe (as used by Columbus) 
was adapted from that of the astronomers about A.D. 1430/but was superseded 
by Hadley’s Quadrant of 1731. The famous scholar Clerbet, who afterwards 
became Pope Sylvester Ji, had such skill in making astrolabes, etc,, that he 
was supposed to have sold his soul to the devil. There are many references 
in mediaeval literature to the astrolabe, More than three centuries before Jaj 
Singh, Chancer wrote his Treatise on the Astrolabe. u Trust well,” he says, “that 
a tie the conclusions that have be founde, or else possibly might be founds 
in so noble an instrument as is an Astrolabe been unknown parfitly to any 
mortal man in this regioun, as 1 suppose.” 

10. The type of astrolabe principally used by Jai Singh was the flat 
astrolabe or asttolabinm flamsph&rum, in Arabic called Zat al-gafaHh (‘Consisting 
of tablets') like ‘Jaipur A‘ and ‘Jaipur B’ t to which the following description 
particularly applies. 

The corpus astrolal/ii is a circular disc with a raised edge into which fit the 
several parts of the instrument: 

(* *) The containing disc is termed the mater* {Ar. tmm ) and the inner part 
of this is the venter 3 while the raised edge is called the knffa or rim. 4 The venter ia 
often inscribed with latitudes and longitudes of important cities/ (Figures 13, 
14, 15). 



1 Gamut ntfer* to an p of ff.M t “With him hU nntraluba he name, which wu ciE fino gukl pmciup*, 
w'ilh pnintn ami cittfw mArveiilaiM.* 1 

TIkj fS ran in] ix utrokbc d^tfcnhotl hj H, S. Cmpor {JRAB IOO|, Q3t) hfl* silver kiiftlm t>n fi&rh pointer 
nf l]je in th - British Mturuai are several inkid with sily^r ■ and othvm v l iden i ty hiki nuiuo mj\ of 

jpwfl fixfiii in tins brJi Jsee fig, 3S) Gi3i iratnunontA urc not unronini^ii. 

1 tfodor, mother. ruiiila^ 1 A lac mijh or face. 

* Als o oailutl Mur^iLulruau or Limbus, JJnjm (sido) etc. 
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(o) The l anJ>ab6t or aranea' is an open work disc marked with the ecliptic 
the signs ol the zodiac and a number of stars, It is placed in the venter 
and can be revolved. The branches on which the names of the stars are 
written and the points of which indicate the positions of the stars are termed 
shazaU or ' splinters/ 3 The pointer at the top of the ‘aukabdt at the first point 
of Capricorn is termed the muri or index.® (Figures 5, 6. 9 and 10). 

(rd) Several thin discs or tablets*, marked with almucantaratifi, azimuth circles, 
hour circles, etc., for various latitudes, etc., fit into the body of the astrolabe. 
(Figures 17 and is). 

(id) The alkidudc or* 1 sighter revolves round the centre on the back of the 
mater. Each arm has a perforated libna 1 or ■ tile ’ which is sometimes hinged on ' D 
to the nlkitlade. European astrolabes sometimes fiad another marker or label 8 
without sights for use on the front of the instrument. (Figure 7.) 

(v) The tablets and alhidade, etc., arc fixed together by a pin (Ar. qu(V* 
which b fastened by a wedge termed by the Arabs (arm or ‘horse,’ and often 
fashioned into some resemblance of a horse’s head. 19 (Fignre 24), 

(in) The whole b suspended by a Ting (Ar. AoAjW) joined to the ‘itruah or 
handle, which in its turn is riveted to the projecting part, tann or throne, of 
the mater. To the halqa was sometimes attached a cord (Ar, ‘ilaqa), 

{vii) The back of the astrolabe {Zahr al-uthtrldb) in all cases has an outer 
graduated scale, two upper quadrants and certain shadow scales. It is often 
inscribed with tables of use to the astrologer and geographer: the details vary 
greatly. (Figures 7, 8, ! I and 12), 

The sigh ter and graduated circle (fig. 7 ) on the back of the astrolabe 
form the part of the instrument used in actual observation ; while the “tablets* 
and the * ankabSt (which rotates) and the graduated circle on the raised edge 
{kaffa) of the mater form a very efficient calculating machine. 


The Tablets (Safjuh). 

11. The ordinary disc or tablet is marked on each side with stereographies! 
projections of the horizon and ahuucantamts, azimuth and hour circles for a 
particular latitude and also the equator and tropics. 

1 Also AfioAfiiijA* uck rtfU' j Alfinrabutfi; VoIrvUum, etg,, 

1 ibr vl-Ktiirttliht ol tin? itm, rir, 

’Jluri tat al.jadi (in** nr llir hem! of Capricorn) : Atnmry, CfetaLior, Dntfefe, <*le, “Thin \jjnnrv {• 
d*.pp.j the IkmtiH of f^priooBtt Thfc «mjh- hlnuny sit * ii, hfld of cmprkomav 1 ’ Chancer i 2,7. 

* Ar, Siftl tA . SftjilmJii, Ti mjiimi, T,Llmij.j raginnum, utc. 

1 Circa i i pnygrtAakih am ( At- twiqtAt* /aitiiju 

* At. 'ifSda, ' door put ’; Diojilr™, Modirliniun, V^rtienlum, Alidade, efe. Tmantt (15S7) describe tin, 
BlhidariM thtwt Akrtfido or tw^kBaina. ill frliigh jur pat two liUJ,- pin, or table* to take < ho hoinht of 
0.C «.m la the day anJ of the «a re «. night, of which on P lide gprtb rtmutf, the centr. of the- ^tmkho 
*■ vulh-d lhi- Jiflp of rniflt, k-caiiw it_ bringelh credit ui thing, pnwtfcisd there." 

* TtMh, PillM, I'limnhi ; karla), duff), 

■ Oilniwt, indr 5 , plitr r&ur, i'tp. 

* A si*, data*, Mtiliw, alchitot, cafilfa, etc; wijaijr (*dtj. iimftnf f»tako). 

"*«rr I) «ad I tflg. 24). The former fl>) k from the tadim Offiw I'ortkn ufttoklrt uw | E It tahm 

!TLti UlS ^ WDfL ** Bl * Bg-« Ml .„h| Nailing 












✓ 









I 


I 


f 
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T1t.‘ almucantarats are uirctw of altitude, 1 the alnmcantarat of zero altitude 
being the horizon (EHW in plate V). In the diagram almucantamt, are 
drawn for 60= ^ 20= (as well the horizon, 0=) and are marked 
Thu number of almueantarats varies in different astrolabes : if t here is one for 
j each degree of altitude/the instrument Is called Umm or 1 complete ■ ■ if for 

j every other degree - it is termed nisfi, < bipartite ■ and so on, Jaipur A and B 

(hgures 5 and 6} are tamm or ‘ complete’ ; Herat C (figures 17 and 18) is ni.fi; 
while Jaipur D (figure 10) is md&i or sexpartite. 

Azimuth linos are drawn at right angle, to the elmncentarate.* These are 
J/ seen tn fignrea 17 and island in plate V portion, of certain azimuth circle, 

“»■' At. etc., ace drawn. In sotnc tablets these azimuths ate continued 

below (to the north ctfj the horizon. 

Temporal honrs.-The temporal or unequal or planetary hour lines are shown 
in figures 17 and 18 and m plate V by the broken lines t L t lt t % t t , etc. 1 They 
divide the tune between sun-rise and sunset into twelve equal'portions and 
therefore vary in length from day to day. These divisions of time gradually fdl 
mto disuse (see page 87) and equal or equinoctial hours were introduced These 

are shown in figures 18 (but not in figure 17) and in plate V they are "marked 
e, e u % Cj;, etc. 

Houses.—The tablet is sometimes divided into twelve astrological ‘houses ' 
The boundary lines of these are seen in figure 17 and in plate V .ire marked 
ft i flfljt % rlh$t etc/* (See appendix B), 

_ Longes t days and latitudes— The latitude for the particular tablet is gene- 

1 Lit AhCD | FI* to Vj n 1 present tha tropic of Capricorn .rul r ? 'i ,l„ - "~TT -- 

A F Dflnn the obliquity of (hr t-rlijuic. th™ tiie point ti on the intersect bn of a ■> ^ 

thu equator anil SENW rejireannlii tliu equator, E lieina tin, na^s. *tl uoint > , * . ■ lM 0,1 

*• *»<'r «“ j ", —- *s»* J z P L :z :. s cl. i': n ;"rz 

lh„ ™th. and ff, the meridian point unthe horisbn. Ti,e oppe^te paint on ■ tat L™, L 
*=?> t!wj mnridku “*» ** s ^..red, To nhUin * circle (nlmueaiUmti for nlritJ,, „ w, t -« 

“f M flUM S < ti ** wutb point of the equator, {jnmitivo direction S IT) and join 

**** to h, itau c*at point on the ■'quator, the distant* twUcon the point* intercepted un i r JS 
S m this dianu:n*r of the eLrch> ol Altitude a, ^ bno 

* In the diagram =$L th* Uititudo uf the \Anw v and Elm oul* Uhn *■ 

in the nndk *. The horiwu L. g^lnsted by joining Hie with, Z. ond tl.c gr«h^tiofl* (.^Tho ^ 

mtlJ ^ ™ to ***** thn ^ ^<1 ihe ,*> 10 , on tb boriu.n [l( wbttal"^ 

toms, white the centre* of ttae anornth . ircJes Ik un ,ho iinc P a™JfcI to JF!| wd y ‘ *T 

»To dcihtr tlw temporary hour circW divide the duy fHirtiaa ichol M the nortfuu hokZ IV 
in tho dmgTom) of each of the thr» ttaC^th* tropic ,bo ^ 

tier into twelve equal \*n* and rW rird™ H K . , t t , f **.. ttoogh ^,h (no r,f mrr^.^LV T 

For the «jool liou™ iW throu B f. S, thv ombtt nf the cirric ul ihn barfea. n rirok 

Bnd fWjt Cl «lc nt iiiwn-Ahi of ia Mining frw in , u, B l0[[tf \ "' l ' " 

pmrPHliug wertwwds. With the south point »i,d in lUMMaioa ttao other „f urJlnuikn^^ ^ 

md radioii vqu.il to li.r mdiuh (X//, of Hip horizon drsw *r» *,*„ r ,,. „,c. fn ( „r ri„. . i 

corn to that of Cancer. (Til** utch will pnas through the oq Utt ] divkiom of «]J rl|!l M 0r R** 

fdf tempond hunt,;. H* mult of tfan, mwa k that my point on the cdiplk, W.T-, 

rutotiHl. P«hs l»m one equal tanur line l«> niotW m oac Uentyfonrth of a rovSlfaJ ^ ^ 18 

* Tbn lm., B that divide thr honav* pi te through U and H lt the points common to ,'h* hnri™ . , 

mrndian, and potets on thn Equator at bUrtmk of 30 dog*™ hurting from the tV, L H „ “ , 

Tbeif etmlms Uc oa the line that p« flWB through X (theewttro of ,br nin k of the horiron) «„ > ] 
to the b* and West lino Thu point, of ktcmrHiirn of ,h L -» honar line, with ,ho E Jptio a^ 
eusps. (For further details ^ n ItKJ md SwrLGu^iaikttVMriftr j 1x1 
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rally written iust below the ufk or oblique horizon, EWff, on tlie right of 
the meridian tine; while in the corresponding place on the left of the meridian, 
the length of the longest day of the year lor the particular latitude is generally 
given. In figure Is/ for example we have 


Hours 

Latitude 

13 47 

28 


In some cases the name of a city is also given. For example * Delhi ii f has 
“ Av&iiitikayitni 22 !> and 44 Amad&vSd' 23. 

(tii) Special Tablets. —In the ordinary astrolabe the number of tablets 
varies to as many as nine—not counting the ‘ankabut. Generally one is a spe- 
cial disc for horizons on one side and celestial co-ordinates on the other and 
occasionally there are other special tablets: the rest are the ordinary tablets, 
already described for several latitudes. 

Horizons. — The tablet of the horizons (ttl-Safiftah al-dfdqTyafi) is shown in 
figure 10, The horizons are arranged in four sets—one set in each quadrant 
consisting of six or seven horizons—and below each of these sets are two 
scales termed al-mail a l-kali t (shamdli or januhi) or the total obliquity (nor¬ 
thern or southern). 

1 Ankabut co-ordinates. -On the other side of the 'tablet of the horizons' is 
generally the * tablet of the latitude of the complement of the total obliquity/ 
This really gives the celestial co-ordinates (longitude and latitude) and by its aid 
the positions of the stars on the * ankabut can he at once read off. Morlcy 
seems to have thought 1 that this was an ordinary tablet for latitude 661“ N. 
but it is quite rightly described as Saji (nth mizan al- mikalmt, 4 the tablet of 
the measure of the'ankabut/ It occurs in most of the astrolabes I have examined, 
(ij) The Lahore Museum astrolabe lias a tablet for the latitude of the equator. 
Here the oblique and straight horizons coincide and this line is marked aErmghrib 
al-apl lah "the west—no latitude' and aUmashrik al-ard lah t 4 the east no latitude/ 
Below* the horizon are concentric semicircles which appear to be circles of declina¬ 
tion : a similar tablet is in the ‘Delhi Q' instrument. 9 Another curious tablet 
belongs to the Jaipur Hindu nisfi astrolabe (described below p. 31) and is for 
latitude 72/ North. It has engraved upon it only the three circles and the 
almncantarats (none being numbered—the only number inscribed being ‘72.’) 
The India Office Hindu astrolabe contains a similar projection, but more complete 
and is marked a)h£a 72, fiord 23. 


» Atj mil i.i I'jj.iin, the laiionic of which i> roughly 23 * IS'. The latitude of Ahmed#bad in nppruaj* 
j]]Q.U-ly 23 d 

*Modey Mjwi +, Ttl«o lost rntmtiemod ia bur* been used ne Hotbta for the mm- 

r truption of Umf ordinary taUst* M { but he u nol nh^slbot right in thu mood ta&v 

T *Mofley (pp. 12 —m dwnitw tbw im\dei j for "no h *nd givf-a diagram* (XX, J7 t IS and 

One brletigs to tbs India Office Fenian Artrolabe, uwfliH the Vain astrolabe, the third k ttm India 
OffiH Hindu astrolabe. 
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In an astrolabe (Delhi Q) that was shown to me in Delhi there are two 
* ” tV1>US ' ^ 8 tabIet Wltb co-ordinates for latitudes 30 B (I3 1 5(1") and 28° (13* 
th !^t 8 ” 1 * *°r latitudes 40 (U* 51“) and 

Sen tw ° h “' v “ a, °“ 8 lLe mwidi “"' fcr «* 

12. ' Aniabnt (nranro) or shabakah (reft). The 'on** or ‘spider’ is an open 
nor- ta. ot so arrauged that the one below it may bo convenieutlv seen 
r^'nes o, 0. nod 10). I, exhibits . graduated ecliptic eirde> with the ,LTf 

.) ™.J' 11111 “ nuni, " ,r ° f tho more important northerly stars. The points 

(sinaoio) cdthe net work indicate the positions of the stars, 'the names of which 
are engraved on the branches. The number of stars varies with the sire, etc of 

tLrrr.?!- 1 Jnipur “ tD >*■ * *■ 

i. ^ ; ts generally the most ornamental part of the instrument: it 

anim^etc ‘ Tb!'“f,' P “ I \ ‘ hm ™ lhc forms ot ««*tellariod 
anmals etc. The ankahut ta not used in a fixed position like the other 

a dcta.lmt can be rotated and thus is employed, in combination with the tablet 

placed below.for finding the posit.cn of any star at a given time, the aseen- 

danfe or horoscope, (,he time and length of the day, etc., etc. 

13. Sack of the Astrolable {7*ahr al~At / ntUlh ), 

The hack at the astrolabe is uanally covered with a great deal of in- 
ormat aon,^useful principally to the geographer and .straloger. The several instrn- 
I -S dtfier in detail^but the general arrangement is much the same. The 
contents may he roughly classified thus 

l he “ pper ,ia ’ f of tbe periphery is graduated into decrees etc 

, 6 . I, he East < * n "' Ir ““ t! of O graphic table of sine, 

w Tl ,e South West quadrant- is inscribed with declination graphs etc 
(rf) Shadow Ht-flles (lower periphery and central rectangle) 

(e) Tables of signs, mansions, planets, terms, faces, etc.; generally con- 
tamed in the inner semi-eireles of the lower half of the dis^ 

Special tables contained in rectangles such na ; 

(/) The times of the rising of the signs (In the centre of figure 8) 

(g) Trigons or triplicates and their regents; (In the centre of figure'12 and 
right of figure 7). 

(Jf) Table of climates^ (Lower part of figure 7). 

(0 Differences between true and nominal years (Left of figure 7). 

(a) The periphery of each of the upper quadrants is graduated into degrees 
comtncncmg from the eaat and west points. In ■ Jaipur A ' (figure 7) the degrees 
are divided into quarters. It, conjunction with the alLidadc or ri ght-. ttlCM 
graduations were u sctl for measuring altitudes and other angles, 

1 Tli'’ ‘iiftUHtirr ml thi- in thr tlittbince C* nr . 11 , fpt*tr Vl ls't»nn"i^ ~ 

r*r. ,uk \ ss ^ .. . jL ? 

mft tU ^ «***> in ^ i’*HTBri|.iiHdinB gruhalkmn on thf tL |„ ,t ?! 

ft* « rcuise. a t ih remre of tl* di«, wbikt the polo of tbo rrliptlo a at 4 tluuL hr l 

!Siiw^ i,r ^“ 1 " ** ‘ J,di,Iatlun UTh It ZrM 

1 TJao jiijuth point is At thu top iho tilao. 
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(&) The ‘quadrant of sines’ occupies the south-east quadrant and occurs in 
most instruments. In some instruments the vertical radius is divided into si sty 
equal parts and lines parallel to the other radius are drawn to the circumference 
from each point of division (figure 12}; in others [both radii are so divided and 
horizontal and vertical lines are drawn from each point of division (figure 8); in 
others horizontal lines are drawn from each degree on the quadrant. The 
vertical and horizontal scales indicate the sines and cosines of the correspond¬ 
ing angles. In the description of the Zarqul! astrolabe below (p, 20) the use 
of the.se scales is explained In more detail. In some instruments arcs for 23i , 
at)”, etc., are described. 

(<?) The south-west quadrant in most instruments exhibits a sort of yearly 
calendar. The horizontal and vertical radii arc divided into six equal divisions' 
figures 7, 5}. From the points of division arcs are described and the names or 
numbers (figure //) of the signs are written in the spaces, six on the horizontal 
radius and six on the vertical, in the following order— 


3 

Vertical , . Cancer 

Horizontal . Gemini 

2 


4 5 6 

Loo Virgo Libra 

Taurus Aries Pisces 

1 0 11 


1 8 

Scorpio SagUluriiia 

.Aquarius Capricomus 

ID 0 


This division^ combined with the graduated circumference forms a scale of 
circular and angular co-ordinates, jfvi> cl on this scale arc traced various kinds of 
graphs 2 showing for example- 

(,') The relation between tfie sun’s right ascension, and meridian altitude 
(figures 7, 8 and 37) ; 

(iV) The meridian altitudes for certain latitudes (figure 12) ; 

( Hi) The altitude of the sun when U traverses the azimuthal circle of the 
Ka’bnh at Mecca} 

(i>) The temp oral or unequal hours (figure 11}. 

(J) There are generally four sets of shadow scales 9 two on the periphery of 

1 i n || l(; jiprtii 32) dad the Slilk Huaissim iruitniruenta i in? mmo flivieious arc nrit c-knd bul i^nipyn 

tiunaJ to ilir- &uu + i d«lin*t s ra. 

I Figure 57 slif-w.i how the eUTTU (i) ifl unnstmrled for taliludc 2" K For wirh puir off pigitB^reidli 

marking the anglf of thfl nit'pjrlifto altitcidri itf tim sun ftn- drawn, Mid fcbu pr.rnta of inti-mcct itm of tlnse 

radii wilH tb* oom-^-oBiding 0 . 1 C 1 uf the nipiH > tr jiiLhi'tL To nuke tb> graph prrfn<t{y ven-wx in term id in in 
l^snti* imiiit, of loorwe-. ata k* Raul. Kignn M ■ho** the unequal hour ennm According to JhUmYn 
lA#Trondf»fV d* Atop* Apt. P- 24H) tfii* in Urn! di^rilud in A nhmll bhiL I ,y SiiLroLimco ielrnvAJj. 

U own* ->o many old i»tni3*liM, hut it girt* only ftmgh\y n ppnuanalff hvmuUb, To count run th^e hour 
line*-Warn tb* quadrant l* divided into equal pturt* And a erntrd on one of the bound, 

jug ni diL Tin* if tin- Mlh hour line nr .d tho other* an. nrc* of dittos uf which i lie ctmirrn are on the 
fimih' nidiua* l-ilt at. point* equidistant from the fcentic of tin; quad rant ud from the sittftceflivu points uf 
divi^on cm thn sfis of tho qiwdiwnb 

b 2\\ fihofrs bow lbert< fctatea are eouBUncted. Thuni are generally two Ltidii off *enl»_ouo 

for & t-tmil gnomon rind the other for o 1 2'unit gnomon* The send-circlc a t t in bisected nt sud , tr 

itud 6* lire bis. L tid at h anti 4. Thu line bd f which in hiHmrtod i it c\ b the banii for bath Mnlra f the 

p :i rt Ao> bf ilividfl into 12 rqmd divUionB nod into 7 equal divjN.in- and ihe>«e ^radufllloiu nru contj- 

, urn-d on their rvnprctiv^ iidrt bb far iw ia tonradunL Linue joinnig thn pnmtB off ilirkion vith thu ettstm 
nit thi a si'q And ttm imtvll cHiitrial rocUnglf^ asd form on thrm thr ihadow icftleu, On raewt ^troJiihiH 
lliu J2 Liiiiii pealea un abr find k#* ute f : and thu T^anit ardea on rr nnd iff. Thf SSajqifi satrtfcJm 

fin- howovar* in phv^ nf thr central mti»ig]e 4 l ho smaller M-Tni.drole grmluflteci Vamthmii oooiif T e,y s t 
thv ba>Ls I in a tw pLaced vertically through h and ihcn geminated- 
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the Ii^Jf of the disc and two in the central rectangle. In the Zarnslt 

c :r u :'r re r' ,c .'r te , r * * ** - 2L zz s 

jtr “■ aiLi<,ade thc **- » f “ - * « 

a, l ln z:vt T ihe -r n uf *°® er i-k of 
rr* h r* — “r: 

note on astrology appended to this volume (appendix B). 

borne of the special tables are of creat interest Ti. n 1^11 * 

token from A. B, and 0 (figures J, 8 and H) *' “"I *" 

(/) A table uf rising signs is given in rfie central M0 tangle of ■ Jaipur B.' 
™ 0 / tivm a/ riling 0 , lie si,™ /„, the latitndee of attain cities in India. 



S7 34 ilS I 34 
n. itJiL M. If, w n. 4i 
I 14 1 1:4 1 111 ] ((I 
t *t 1 3 3 t»1 13*1® I 14 

frf- 1 57 1 57 I 57 1 37 ] 5g 

8 ** * >l| K tl S S 3U 

3 JWi ts* ;» a *7 

2 * 



^ as | «< | «i»i st 1 <t | 
a. a in . , 

1 i 1 s,! 1 *1 1 « 1 « 

1 i 1 •: 1 n 1 ** j «•« 

2 1 W 8 ml <« IS. S 15’s I si 1 14 

: »[ 3 H 8 ul 1 Is a 11 ] 3 J s u 

s ", * uj * n| 1 nl 1 in, . Mr l , t J Uhri 



This table and the mle on which it is based nk™J » - 

in mediaeval astronomy and astrology. 1 - - important part 

( 9 ) Trigons-— On the right of the lower half of ‘ Jaipur B ’/figure SI nT1 7 * 
tb, eentre of C (figure 1, is a table sbon-ing tbe regents j 

\alnre of the Tnyom and their Rwjtnts or Lords. 


>atnrr n* IHm f 

FJrrjn 









TrlpUnih-a. 

EitrliLjrH 





ftjiy * I Hnn 

TrlrifctLu-a . J * 

J* . | Joplin . 

JUplirr , 

Ufl j v 

Ssm 

Siiora k VtBM * 

AagLfl 1 nfilia Taortta . 

***m JBh* . 

, ! Man ^ 

VirBU f rj^n-Hj. 

WHIN. 

V.-nm » Ifahi 

*Hum , 

IkluEpi . 

WnijiLj 

Ifwwij 

Ulifa 4 

JuptfCT , 

A'J Itiuiq., 

JflplTiT . 

V*THB , 

■1 'LiUirrr * 

Mnrt , 

MjffM „ 

Vtnai , 

JioaoL 

FIstv** 

Mim>h 

.... ^ ^ 





t.nguu-'. nre groups of three eSati* t *. , . 

“ js: iszizszfz rz zzizr ™ 1 r sZ: 

ZL’&SV* tityare 


* Se# Rook ii of The ji/nuuMf ■ nl-Rs'tuni /i_„. * . 

SUMS,*, ij, OOf. etc, s also tVr nolo o* * 4 **^ {A PP . „d ljr p, ^ ^ 7 * P ' 115,1 *** SiiT ** 

.h,r.»i. .b. total. -tot ,l» fclfitota,^ „.„i w ' "™‘ f“ m ‘ *■ *" 


A 

fro 


'* «*8 ( ' * JH ( 6 t + A. M ^ l fh* value, «f a m* 

mloofcted : tunl linal^y l^b,- (, , fc, _ v + fl| . j, = _ - . , . . 

" fl >* ndso mjmamt, »6*, t* *„ t 4 ^ ft,. n„d^ -,, = ^. * * = & * ~«t + *». = i, + 




































































ASTRONOMICAL OBSERVATORIES OF JAl SINtJH. 


21 

(A) Climates. -The tabid of climates occurs onlv on Jaipur A (ftijure t ) 
towards the bottom of the lower half of the disc. 

Table of climates. 


Climated 

Fnft. 

StCOlTD. 

Tuird. 

Fourth. 

Fir ■ (Xj 

Sixth. 

SliYESTD. 

Ba^ianmgi *nd 
m lililli-fl (**) 

h m 

b m 

b m 

h p 

b to 

b m 

b m 

Latitude* « * 1 

IV* 18 14 

SO" £4“ 

27” 30” 

33” 38 s * 

38* 4i« 

43»* «6" 

47 *. 4H»* 

Hums 

12“ IS* 

13“ 13” 

13“ W 

! 14“ 14” 

U** L5S 

15“ 15" 

15” 1A B 


This topic of 'Climates ’ recalls a most interesting chapter in the history of 

civilization. It exercised the attention of such astronomers and astrologers as 
Eudoxus, Eratosthenes. Hipparchus, ManiJius, Ptolemy. Dorothea of Sid oil, etc., etc. 
The subject presented difficulties. The number of climates assumed varied, 
but generally a cb orographic system t which applied the seven planets to the 
eeven zones or climates^ prevailed. Also, according to Paul of Alexandria, 
” et ich sign corresponds to a climate or parallel, and by virtue of its Trigon 
to each quarter." For the mathematicians the problem was to find a progres¬ 
sion corresponding to ascensional differences. They took the length of the day 
as the measure 1 , and progressed from one climate to another by half hour steps, 
(See appendix C.) 

(i) The year.— The rectangular table to the left in Jaipur A (fitpire 7) shows 
multiples of the differences between the approximately correct length of the 


87“ 

340“ 

2512“ 

185“ 

77 11 

550* 


175 * 

H7“ 

» 

8 

7 

6 

5 

4 

3 

2 

1 

m 

80 

70 

60 

50 

40 

I 30 

20 

10 

31^ 

1 

0 S" 

in 1 

57” 

26V 

J06 1 * 

ll 1 

1SS" 


The table gives " 33’ *>")—a.360“ where n ranges from 1 to D and 
from JO to 00 and a ia a whole number. 8 Kow 67° 33' 6'j expressed in time 
is 5 hours 50 minutes I2 i seconds and the length of the tropical year was 
supposed to be 365 days 5 hours 60 minutes 12'4 seconds.* 


1 Tb<? mcftanre ol tbo clay £§ 


wr 4 - n 


whrru u'n A = fa a fan », 


* Fctf 1^5* 33'=30 tST 33' <T)_,, a 3€Hi 2028 + 10F ST—a.SflO* j uni n=7, 

1 A UfitiF-b Mu Hum ftfttrolAbfl dli^d A. H- 10*0 l^A.Li. L0&0-G0) by Mjthirtinjuod Meric mi o’ givpa the 

fL.UUlLftbCtV K 

4MiuU5ru (d™* 88 * 36* dm] Xallino (pTtts th* ftiUcKiiitf unit# FJnintHh in mn luttniuamin bta™ pla mil 
fWltCm tXEwli-ntirm rPV«> 1 lltionw [fad nt-danT}, HcrfUitft quantitf^m (gnidtbuj PKpn-ss&mJ fckrfh tfltoi mi Lilli* 
Ma dka inrcntuni ©snn %U aflinmucai* kWlfu id-Ma'[iiua : — 

in ppcHinU al -^ImniuiiLtiyy ah * .**,»** 80° 43* 38* 36 h| 47 1 * 

IhujmAiin nrhe .*,*«***, il> 2£F U 11 D |T 

a Y% T ft ’bn Altl MiiliKfir * „ „ * *. * . 80* ^ 13 11 4fl iJ * 

In tubulia “uu Iju^h primus m^eplt, Tolnndfi scribe cm 8 ti L 43' 30^ 37 ^'; rd* grulibai in 

titmjkim & 40" 30 H t«tc."' 0pH* Afittvnrw j >am L PIs. 42 A 2th 

The pratont Jrngtliof ilie tropical yitar xgrtesod in iHMa timp is 355 cLlys 5 hourF 48 mimtBs 45 5 kmtumJh. 
ist 3052422 tiny* UMty. 
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14. The face. { II a )h) or Venter.—The inside surface f canter) of most of 
the astrolabes is engraved with a list of cities and their latitudes and longitudes 
nnd .sometimes their position relative to Mecca. 1 The last is indicated by the 
inhiraf or ‘ inclination 1 and the maaafat or ‘distance* and jihat (side or point 
of the compass). The inhiraf is the arc of the horizon intercepted between 
the meridian of the place and the vertical circle passing through the zenith 
of Mecca.“ 1 he Masafat is the distance of Mecca measured along a great 
circle; and the jihat is the quarter of the horizon in which Mecca lies. 

Jaipur B (figure 13) gives the longitude and latitude of 210 places and 
also the districts in which they are situated , but does not give the inhiraf etc. ; 
Jaipur D gives 3G towns; the Herat astrolabe (C) gives 44 places with the 
inhiraf and jihat; the Shah Hussain instrument gives 103 places with latitude, 
longitude, inhiraf, imisaiat and jihat ; the Lahore astrals be gives also 36 places' 
with latitudes and longitudes only. A selection from these astrolabe gazetteers* 
is given in an appendix (pp. 127-8). 

The longitude is in all cases reckoned from the 1 Fortunate Islands-’ Com¬ 
pared with a modem atlas the differences for a few selected' places are— 










Lnnjrirudff 

lalitndf 









iliifi'fa.iof*. 

d - litre aw. 

Manuka h * 








, 35* 43' 

o e r 

Baghdad * 








- 35° 23' 

0° 4' 

Shiraz * 








. 35° W 

0 1 6' 

Kisabti 








, 33° 50' 

0 s 13" 

Yttd 








. 34° 30" 

cy 22' 

■ Isfahan 








- 34" 5fi r 

o 

□ 

*s 


The difference in latitude may be taken as some criterion of the accuracy 
of the determinations, bul it must be remembered that the precise localities of 
the observations (old and new) are not known.* 

The longitude differences point to some place about 35 degrees west of 
Greenwich as the point of origin. The zero meridian therefore passed through 
the Azores. In this matter the Muhammadans copied the Greeks who fixed 
upon the 1 Fortunate Isles,” possibly, as the western end of the world. These 
4 Fortunate Isles ' were originally Imaginary islands where the souls of the good 
were made happy, hut later the name became attached to the Canary Islands, 
In the Ain-i-Abbot? we read : “ The Greeks commence their reckoning from 
Khalidat which are six islands in the western ocean, which in ancient times 
were inhabited, but now axe inundated, etc." 


1 Sffl the iHCielkni lit!In btifcfc Parfiphrn** te§tfxduiir written in AB. by Jmp, -fl Vnmid r|<? 

MontpHtw, who tftmta ill* Tenter - Miroor du Mamin * anti g vm it id mfuaJ nmp of ih» «otid (I. IM lt 

* The n^futuM poniimU fif the M gaugr* phere. Seo al Bnltinhl I'M l j L, A hUdillot'i M?mmrr. t*7f. 

lb* Nitsai ai-Quinh (Ed. tt. le Strange) p. *tl ; Ac. Ac. ' '* J 

* The vnltnit giviixi on ail tht innmi merit* exnmmH for thi^i ttii places are Ihu aarrm: m Marlglmli 


given 

Baghdad and Ni-jihar ww importsinl ob&erratorit-=r. 


•One Ehpcnnd nf longitude at Delhi is roughly ofjmralent to about 3P yunle : vo iy nmuiilv a miln Iq a 
tt^ unite of arc. (At ktitudo 3^ If* one deigns of ]o®^Htdo=^£(94i& motnw j 

•Ed. Gladwin / ii. 3SL 
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Some of the towns and their positions are given below:* 
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Gallic a | TOTO- 

i^fi^ltude PUL 
irfr'nsttoE to 

C A hi 
ftjpirw SI* 

Lfaiftnta WTrJh, 
rrri'ffpprr to 

n n m 

iL&rare LI. 

L^R-rodn rilh 

rtencto 

BitithiUil a % 
vn Jaipur B. 

b rlnftt 
Jiripiir JL 

Sail) ( AJrppr.) . , , f , 

B 

—S 

* 

+35J 

V 1 

—T SO 

» t 

+33 30 

Tui , , 

+ 13 

+37 

+12 30 

+37 (J 

Kabul. , . . 

+24* 

+34 

+24 40 

+34 7 

JabsMb&d (Drill!) 

+34 

+28* 

+33 as 

+28 30 

. 

+20* 

+ 31* 

+2J> 20 

+31 00 


n l 


a) 


19, TLe Obverse of the disc (figure 19) contains U,» folio.in g SCfl I e3 and 

' W ■: Whlch * ie ’ more 0r less ' common to all astrolabes. Readin- from the 
circumference towards the centre the;- hr- ‘ 

(o) The two upper quadrants'^ graduated for every three de CT ees 
(numbered in the abjad notation) also in degrees numbered in Arabic 
numerals from 1 to 00 and in one-sixths of degrees or every twelve 

(t) The periphery of the lower quadrants is graduated by shadow uchIm. 
j^thelefta ‘ Wve scale’/and on the right * a ‘ seven 

(c) The next complete annulus contains the signs of the zodiac which are 
accompanied by graduations down to intervals of twelve minutes 

(d) Next are the manzils or * 1 mansions of the moon 

fe) The planets—-twelve to each rign-with graduations for every 2\ degrees. 
(/) The planets—nine to each sign—nit h graduation for every 3"#o' 

(V) The planets five to each sign-with their limits or terms indicated 
(A) The planets—seven to each sign—at intervals of degrees 

(r) The planets three to each sign^These are the ‘faces’ of the particular 
rigth 

(?) Again three planets to each sign. 

(£) Another pair of shadow scales. 

Hi Separated from the others by the smaller shadow scales (k) are tlm names 
of the European months with a scale showing the days of each month, etc The 
instrument was made in A. D. 1(180 and correctly indicates that spring commenced on 
March 10th. 

20. The central part of the disc consists of a projection of a sphere and a table 
of sines. 1 These are illustrated in figure 22. where the quadrant OAR forms the table 
of sines. The arc Ali is divided into degrees, and from every point of division line* 


i* —-— _ _ 

1 Oi those d u> j ur slimrts in the appendix on astrology (p. 124J, 

1 On an Mlnfolv made it Seville in AH. BN (AJ>. 121U2) similar corutnietinna nm found 
the articka by Mil. Sanvaitt ami FaiJiuidr. Jmnat anali^ut. IM3, a ajrw. i, pp, (ji. ind l^f 
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are drawn perpendicular to OA. The radius OB is divided into 60 equal parts and 
line" are drawn parallel to OA. In the diagram «« 40° reads 30°, U., Vo w ' fl3 « Lnt 
the instrument itself is more accurate than this. The radius 00 is divided into sixty 
equal parts and through each point of division circles, also passing through the 
points A and C, are drawn. These arcs are orthogonal projections of great circles 
inclined to the meridian PA 1 of the sphere ABCD. For example, the are passing 
through the division numbered 50 represents a circle on the sphere inclined to the 
meridian at an angle * such that sin * =|g (^835), Now the arc 50 in the qua¬ 
drant CB touches the horizontal line 50 which cut9 the arc BA at 56i, therefore a 
—50A factually sin S0£vs*S33&]. 
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Chapter V.—HINDU METAL INSTRUMENTS, 


21. nkidu astrolabes are mostly of modem workmanship and of modem pattern : 
hut at Jaipur there is a Hindu copy of a Persian astrolabe that is of interest. It is 
of inferior workmanship and was, apparently, never properly completed. It is a 
thuUhi or tripartite instrument and has two tablets, for latitudes 27° and 72° N., and 
a tablet of celestial latitides and longitudes. On the 'ankabiit the ecliptic is graduated 
at intervals of 6 degrees (figure 26) ; and on most of the point* * no names are engraved. 
On the back of the instrument (figure 27) is the usual table of sines, and declination 
graphs for 27° and 28“ 39’. On the lower half are the usual shadow scales but nothing 
else. 

Morley describes two other Hindu astrolabes one belonging to the Royal Asiatic 
Society and the other to the India Office. 1 (I) That belonging to the’Royal Asiatic 
Society is a bipartite instrument and appears to contain one disc only for latitude 
2-4°N. The ‘ankabiit has 23 points with the names of stars engraved thereon. The 
hack has the table of sines and the shadow scales. (2) The India Office instrument 
is said to be of poor workmanship. It is a sexpnrtifce instrument, 3 inches in diameter* 
Within the umm is a table of 16 Indian cities, with latitudes and longitudes, the latter 
reckoned from the " Fortunate Isles,’ e,g . — 

Latitude. Ljflgt'ludD, 


Jaynnpur. 2(3“ 36’ ItH>" 6' 

Ujjeyani ........ 23" 30' 110° SO' 

Delhi .. 29° 0 r 113° O' 

Benares. 26* 15' 11T* 20' 


There are seven tablets—six for latitudes 0,° 17 s , IS 0 , 2QP, 21°, 23’, 24 3 , 26°, 
27'’, 29’, 32' and 72° and one with usual horizons on one aide and the * ankabiit 
co-ordinates on the other. On the back is a set of tables termed paratnakrdnti. 

Jn 1790 R. Burrow related that he tf Compared an Astrolabe in the Nagry 
character (brought by Dr, Maekinon from Jaynagur) with Chaucer' it description, 
and found them to agree most minutely, “ even the centre pin which Chancer 
tialld * the horse ’ has a horse’s head upon it in the instrument."® 

The only other ordinary astrolabe of Hindu make and of any age know r ii 
to me is R in the list on p, 17. It is engraved in DevanUgari character and is 
of very crude workmanship as compared with A, B, C, D andE. It is of copper, 
of 7 inches diameter, and contains two tablets, besides the ecliptic tablet 
(‘ ankabiit). The venter is plain, while the Hack has only the central rectangular 
shadow scales, the sinus quadrant us ruled into 30 equal divisions, and the de¬ 
clination quadrant divided into even spaces by 15 arcs. The two tablets ate 
tripartite and besides the almueanfcarats and azimuth lines have the equal and 
temporal hour lines. They are inscribed thus:— 

(<i/) Longest day 33—30 (fl*J Longest day 36—24 


Ava tt. 

A 


Latitude 37, 


% The Indin Oflhe Fn^triirooiita wo now in the tnd no section at the South Knti* ogum Marcum, 

* fl Aeiatic 170O p Yol It, 
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Shadow 9, 

Hvpotemiae 15. 

Tablet of horizon without 
any numbers or inscriptions. 


La t [tilde 22 1 Shadow 5, 

Hypotenuse 13. 
ft) Longest day 33—50 
AmadSyIik 
Latitude 23. 

Shadow 5—6. 

Hvpoteauae 13—3. 

The latitudes are hero given in four different wavs(i) in degrees, (ii) in length 
t>f longest du\ (in ghatis and pa las), (tit) in length of the equinoctial shadow 1 
or (it?) by the hypotenuse of the equinoctial shadow or iin$. 

These may be expressed, thus:— 



ViLlTEa ON TF 1 K ISfiTBIrHENT, 

€ALOTL,-VtKD VALUED. 

Lai. 

lAMIgeM Ji&Jh 

tan $ 

Sin $ 

Longftu riajr. 

ian $ 

tin 

o 

P- 

F* 

m, t. 



k 




22 

33 

30 

= J3 U 0 

A ='4i7 

A ='385 

13 

22 52 

'404 

■37.i 

23 

33 

50 

= 13 32 Q 

a '0' --430 

JZ = *30] 

13 

21 |(5 

*424 

■::uj 





IS 






37 

u 

24 

= u aa ae 

A =‘750 

A —*w 

“ 

20 43 

'7,-4 

'58S 


1 .& l,L ,J1 nowiMiiiUM i JCUti ML | UliUDL^ei-UllC 

made of some sixty sheets of iron rivetted together (figure 28) and the other 
of brass! pedicel up with lead (figure 2!)), From the iron iiistrmuent the gra- 
dilations have disappeared. The brass instrument is tamm (complete) for 

latitude 27 4> N. Jt has an ecliptic circle and a tube sighter of modern work¬ 

manship. These two instruments may possibly he of the original metal instru¬ 
ments referred to by Jai Singh (Sec p, 12). If so they were probably brought 
from Delhi. 

23. The Unnatdthsa Yantra is possibly another of Jai Singh’s original ins¬ 
truments. It is a graduated brass circle 17 i feet in diameter suspended so as 
to rcVo ^'e around a vertical axis. Jai Singh speaks of an instrument “ Zat- 
nJ-Halqa (consisting of a ring) of brass, in diameter three gaz of the measure 

now in use, (bee page J2) hut the Znt al-hatqa is ordinarily an aimillary 

sphere. 


T^e Chakra 1 antra (circle instrument) is an equatorial. There are two 
at Jaipur each 6 feet in diameter (figure 57) and one at Benares, 3 feet 7 
inches in diameter. The Chakra Mantra is fixed so as to revolve about an axis 
parallel to the earth s axis. At the southern end of the axis of the instrument 
is a separate graduated circle fixed on the sup porting pillar. The axis carries 
a pointer which indicates the hour angle on the fixed circle; and the main 
movable circle carries an index and sighter (figure 68). 

The Krdnti Yfiiti h antra f Ecliptic instrument f ) found at Jaipur only ia 
quire a modem instrument but is said to have been made according tn 

1 Tim gtmmoo. in support*! to be tamfre uiuta nf 7^U minutw in k^gt-L. 
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Jagg&nftth's instructions; and there still is at Jaipur the old masonry work 
for a much larger instrument of (he same type. The Krfinti Vritti Yantra 
is used lor direct mensurenietits of celestial latitude and longitude. It. consists 
<d two brass circles (figure 58) pivoted so that one always moves in the plant 
of the equator and the other in the plane of the ecliptic. It is more suitable for 
demonstration purposes than for actual observation. (See page 51.) This is the 
Tarquetum of liegiom-ontamt,s (1431-J 47H) T which was rejected by Tycho Brahe as a 
clumsy instrument. 1 

24. At Jaipur 1 was shown a modern Hindu astrolabe or Yantra Raj , dated 
Samvat 1799 ( = A.D. 1877). If. is a single disc thullhi or tripartite instrument 
or latitude 27° N, with am ecliptic citcle and ruler. On the (diverse of the disc 
are engraved azimuth lines for 00° and 90° and also the temporal hour line- 1 * 

and also the names of the following stars:- —- 


Xjnr <y\ hwrsnifTviiit. 

AJoO? r ii X.irui 1 . 

irf 3urtjmiiipnt_ 

|mt $ piloC . 

1 S JLUill<Lr* [i.tksaJ 

? 

y Chitrn .» ♦ 

a Firyfftfr. 

£ Bulling * * , 

& T'twri, 

io 

a 

3 Ardr* » - * 

& , 

11 A mint dim , 

x Seorpi L 

4 LuUlhoka . * + 

a rdiiM MnjQriM+ 

12 Ah hi jit. . - , 

a L'jr*L 

£ IW yi * - - * 

£ Crttwri. 

|3 SmYufn 

p .-fflmVtfc 

6 . * * 

a Lrut* v*. 

14 Sttlajiv* 

A Aqitil*- 

7 r 

■* 



8 Fhwti i 

S Corvi- 

«« 

-* 

The ruler is of 

the same type as 

those employed on 

the face of certain 


media) va l E urn pea n instruments (see p. 26). 

25. The Dliruva Minima Yantra or ' Circumpolar instrument ' is another 
Tuodern Hindu instrument of rather crude workmanship, !(■ consists ol a 
square plate with a slit near to and parallel to one edge and a freely revolving 
weighted index with four pointers. If the plate is held vertically in such a 
position that the Pole star and the star Marknti (Kochab nr /5 l rstr Mtnons) 
are in line with the slit then the pointer marked G/tnti will indicate sideraJ time 
in ifhfitis* The other pointers indicate the rising sign, the sign on the meridian 
and the rising, meridian and setting nakshntras.* The hark of the instrument 
is marked Titritja Yantra (quadrant instrument) and consists of a hinged rod, 
two sighting ring?* on the edge parallel to the slit and a graduated quadrant 
consisting of eleven scales. When the sun shines through the sighting ring 
the index shows the altitude and the time. Also a list of the 28 nofahatras 
(initials only) starting with Aivini and proceeding in the usual order h given, 
and to each aster ism i* a ttache d a_rmmber varying from 12 J to I8j._ 

1 S«*» R. Wfjm'hMhkhit fhr Ai'remmi** p. 1SI ami J* L. E. UreTi sl T#rko Bmk* §k 3)7, 

1 Tim Him JLEi m'kein thm Hiioral linns from the rising of Lbv rumal equinox \m4 hr-nct it differ* from 
EuKijjfMl liini? by ft honifl- 

* SflEt G a/rcWp p. ns .nd X. 
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fi. Other instruments. —Some time before 1839 Raja Ram Singh of Kotah 
presented to the Government of India an instrument similar to the Dhrnm 
Bhrama Yanira described above. The Raja's instrument was of massive silver! 
and was made in A.D, 183-t. On the reverse is (be ‘sine quadrant’ usually 
found on Astrolabes (see page 22). 

The armillary sphere referred to by Tod (see p. 16) is still in existence, 

and is a very elaborate affair although not of much practical use. a 

At the Lahore cxihibition of 1804 were several astronomical instruments of interest 

* 

—particularly some astrolabes from Kapurthaln. The list of instruments—drawn 
up by a Hindu astrologer -is curious and valuable.* * One of the entries is-* 
“ Yanti Raj—tbe usturlab of the Yu nan l.” 


t Jtmrml of t*f A*kttic Boriitf of 183!)* |x S3 If. 

* l lL[ei fndubterf to .Sira. Borough CojiIpj of KotuL for ihii cunjirmaLiaii of Tod's iLatoiniint und for 
n phonograph of iho flrmillury upTier*. 

t It. II. Bnch-a FtoWBlfi Sand Bml- of ihc Manufacturt* and ArU af Punjab* 187** p. 269L 
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Chapter VI.—MASONRY INSTRUMENTS. 

27. The masonry instruments, which vary in size from a few feet to GO 
feet in height, are Jai Singh’s chief work, It has already been related how 
■Jai Singh discarded brass instruments and built massive masonry ones in their 
place. His reasons appeared to be, but were nnt altogether, sound. The brass 
instruments were, he said, faulty because of their mobility and size,' The axes 
became worn and the instruments untrue ; the graduations were too small for 
line measurements, etc. His remedy was to make large immovable instru¬ 
ments : but lie thus stereotyped his designs and hindered futher improve¬ 
ments. The larger and more immobile an instrument is the greater is the 
difficulty m making alterations and improvement*. Jaa Singh sacrificed facility 
for supposed accuracy. 

Hunter states that Jai Singh himself devised the Samrat Yantra. the 
Jai Frakas and the Hum Yantra, These three instruments are indeed peculiar 
to Jai Singh’s observatories and must he to some extent attributed to Jai 
Singh’s personal ingenuity.* Jai Singh used other stone instruments such as 
the mural quadrant and cylindrical dial but these were not mentioned specially 
in the preface because they were common to many observatories. They are 
however mentioned in J&gannatVs introduction to the Samraf. Siddhantit (see 
page 3). 

The masonry instruments are:— 

(«) Samraf Yantra at Delhi, Jaipur (2), Ujjain and Benares (2). Fibres 
34, 35, 43-46, fifi and Plate XV. 

{h) Jai P raids at Delhi and Jaipur. Figures 30, 32, 33 and Plate XVIII, 

(c) Ram Yantra at Delhi and Jaipur. Figures 47, 48, 43, 59 and Plate 
XVII. 

(d) Bigamia Yantra at Jaipur, Ujjain and Benares. Figures 63, 65 and 
Plates X X IV and XXVI, 

(«) DaUlunmyM Yantra at Jaipur, Ujjain and Benares. Figures 5G 
and G2. 

(/) ari-valdya Mantra at Jaipur, Ujjain and Benares. Figures 53 and 65. 
(//) Yritti Sfiasldriixala at Delhi and Jaipur, 

(A) Miha Yantra at Delhi. Figures 50, 5] and Plate XIX. 

(0 Raii Valaija at Jaipur. Figures 54 and 55, 

(j) Kapdta at Jaipur. Figure 31. 

The last three of these instruments are possibly of later date than Jai 
Singh, They are mentioned in neither of the contemporary lists. 
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mghli, Btc.. ete.} Etph a modern theodolite a» a useful astronomic! mHimiBr.nl le worth ma» thun *]| 
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£8. The SamiatYantra or * * Supreme instrument ' l is, as its name implies, 
the most important. It is an equinoctial dial consisting of a triangular gnomon 
with the hypotenuse parallel to the earth's axes, and on either side of the 
gnomon is a quadrant of a circle parallel to the plane ol the equator. It is 
in principle one of the simplest * equal hour T sundials. 

In figures 34 and 35 AI5 is one edge of the gnomon, the angle ABC is 
equal to the latitude of the place, EF and (iH are at right angles to AB ns also 
are DF, Alii, If KL is the direction of the sun then the arc KG indicates 
he time before noon, and the angle HGL the declination nit sun's angular dis¬ 
tance from the equator. In the actual structure the considerable width of AA* 
and GE (each being over 9 feet at Jaipur} practically duplicates the instru¬ 
ments. Each edge of the quadrants is graduated in hours and minutes' as 
well as in degrees and each edge of the gnomon has two scales of tangents^ 

one from H to fi and the other from F to A. In the figure ttm IIGL — 
and GH is the radius of the quadrant 11 KG, 

The shape of the gnomon is generally a parallel trapezium as in figure 
34, AEB'C. In the same figure GE represents the position of the quadrants 
as they enter the gnomon. 11G-^FE is the radius, and the lines radiating from 
E and G show the construction of the scales of tangents in the edge AB. 

In the following list the examples of the Bamrfit Yantra are enumerated 
and their dimensions (with reference to figure 34) arc given. 


Samrat Yantra. 
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These dials give apparent solar time which varies from day to day owing 
to (1) the eccentricity of the earths orbit and its consequent more rapid angular 
motion in the winter (when it is nearer the sun) and its slower motion in 
summer ■ (2) the obliquity of the ecliptic,* Consequently a clock going re¬ 
gularly does not agree for long with solar time. In India there is another 

element of difference to consider due to the standard time being fixed for the 
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1 They ire» arigiiinlty grivEuntrt in yhafi* u ti-:1 pct&J** 
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and the inside of the circular wall are graduated in scales of tangents for altitude 
and azimuth obaervntiams. The height of the wall from the graduated floor is 
equal to (he distance from the circu infer etice of the central pillar to the inside of the 
wall. To facilitate observation the floor is broken up into sectors (see figure 17 and 
plate XVII) and consequently, as in the ease of the Jai PrakM, complementary 
buildings had to be constructed (see figure 41), The walls also are broken up and 
one section of the wnll corresponds to one sector. At Delhi there arc 30 
sectors each of 6 degrees in each building, but at Jaipur there are 1*2 sectors only and 
their angle is 1.2 degrees in one instrument and 18 degrees in the other, the 
spaces between them being respectively 18 and 12 degrees. 

On each aide of the wall sections are notches in which sighting bars can 
be placed horizontally. The construction is illustrated in platen XII 1, XVIf. 
and XXI and in figures 47, 48 and 40. Figure 41 gives a good view of the 
buildings as a whole. Examples of the Ram Y centra exist at Delhi and Jaipn r 
only and the Jaipur instrument is quite a modern one . 1 

The dimensions of the two instruments are : 
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31 The DigamSa Y&ntra ( Azimuth instrument'} although not actually men¬ 
tioned by Jai Bingh in the preface is given, however, in Jagannfiths Hat (see 
p, 3), It is a simple and useful instrument and examples of it still exist 
at Jaipur, Ujjain and Benares. The instrument consists of a pillar surrounded 
by two circular walla (see plates XXI and XX.VI, DI)). The central pillar is 
generally about 4 feet high and the inner wall the same height while the outer 
wall is twice that height. 

Cross wires are stretched from the cardinal points on the outer wall and both 
walls are graduated. The inner wall is a convenient height for a man to walk on 
and to look over the outer wall. By the aid of a movable string and an assist¬ 
ant, azimuth (horizontal angles) observations can be made with fair accuracy. 
The instrument may be described as a fixed large circular protractor. 

The dimensions of the several Digarinkt Yantras are— 
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JaganniUli's descriptio n of the Diganift Yantra k as follows:—" .Slake a 
circle oil the ground with' any radius. This circle k railed the horizon. We 
shall have to make three horizons here. On the first circle build a solid pillar- 
Oil the second circle build a ring-like wall as high as the pillar on the first 
circle. On the third circle make a ring-like wall twice as high as either oi 
the former, tin all these horizons mark the east to west and north to south 
lines and degrees and minutes, Stmtch tightly two threads across the exterior 
wall to represent the east and west and north am] south lines intersecting at right 
angles over the centre of the horizons. At the centre of the pillar, fix securely 
one end of a string, to the other end of the string fasten a stone anti place 
it over the edge of the third horizon. This thread: is called the ' thread of the 
circle of vision/ ” 

3d, The H&riviilaya Yaxrfra ( f Circular dial') k mentioned by Jagaimilth anti 
it occurs at Jaipur, Djjuin and Benares. It may be described as a cylindrical 
dial —the axis of the cylinder pointing north and south and ihe northern and 
southern (aces being parallel to the plane of the equator. At the centre of 

each face and at right angles to it is an iron style surrounded by circles grad¬ 
uated into hours end minutes and f/Imfia ami palux respectively. The shadow 
uf the style murk.'* the time of the day and the instrument also shows very effec¬ 
tively the passage of the sun across the equator (the equinoxes). See figures 
53 and 65. Jagann&th remarks about this instrument that it is not of much 
value because it only gives readings for northerly observations. This applies 
to some extent to the Benares instrument (see figure 65) but not to those at 
Ujjftin and Jaipur. The latter, however, is quite modern, 

33. The Dakshinovritti Yantra (‘ Meridian circle’) is like the mural quadrants 

found iu most medheva! observatories. !r consists essentially of a wall in the 
meridian and on the wait are two graduated quad runts and centre pins (see 

figures 56 and 62 and plates XXIV and XXVI) which were used for observing 
the altitudes id heavenly bodies when passing tin- meridian. Tin- instrument corres¬ 
ponds to the modern transit circle. Originally there was one at each observa¬ 
tory but that at. Delhi has been destroyed. 

33(a). The Shashtamsa Yantra (‘Sextant ’) occurs at Delhi and Jaipur only 
and is really another form of meridian circle. Tt is a large graduated arc lying 
in the meridian and is built in a ‘ dark room ’ at the bottom of the masonry 
work that supports the huge quadrants of the SamriTt Yantra. A small orifice 
some 39 or JO feet above admits the light of the sun at noon and I he image of 

the sun cm the graduated arc marks with fair accuracy the sun’s altitude. It 

is thus the aperture dial of the Muslims (see p. 32). At -Jaipur there are two 
‘dark rooms/ one under each quadrant of the Sanirat and in each room are 
two arcs, the radius of each being 28 feet 4 inches* The * dark room ’ at Delhi 
is at present inaccessible, 

34. Of other masonry instruments there arc the Misra Yantra (‘mixed instru¬ 
ment’) at Delhi and the Kasi Vulaya (zodiac dials) at Jaipur. There are some 
indication! that these two instruments, or rather sets of instruments, were not 
devised by Jai Singh aud therefore they will be described in detail when the 
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observatories at Delhi and Jaipur are dealt with. The most notable feature of 
the Miara Yantra is the set of area for meridians at Greenwich and Zurich 'on 
the west and two corresponding places on the east. The Kail Yalava is a set 
of twelve dials connected with the rising signs and which show the sun's latitude 
and longitude. 

35. Of these instruments it is claimed that Jai Singh devised the Sam rat 
Yantra, Jai Parkas and Ram Yantra. The evolution of these instruments will 
be dealt with in a concluding chapter but it may be remarked here that Jai 
Singh's ingenuity was chiefly concerned in the transference of designs previously 
executed in instruments of comparatively small size, to huge masonry instru¬ 
ments, No new invention in the ordinary sense of the word was attempted. 
The Samrnt Yantra is in principle a very simple form of sun-dial, but it ts an 
efficient instrument and, as Jai Singh designed it, a dignified structure, Them 
is, so far, no evidence to show that the tangent scales on the edge of the 
gnomon had been previously used as on the fsamrat Yantra ; therefore, besides 
the general design, we may credit Jai Singh with this device. The Jai Praka3 
or * invention of Jai as it may be called, and which Jaggannath calls the 
‘crest jewel’ is really a sort of combined nrmiliary sphere. Possibly the astro¬ 
labe projections suggested the idea to Jai Singh. In a manuscript copy of a 
work by Abdul Ali Barjendi 1 (died A.D. 1523) must of the details of such an 
instrument as the Jai Prakas are given. Jai Singh's duplicated instrument is 
however his own design and probably the introduction of the culmination sign 
lines must be attributed entirely to Ms own invention. 

The Ram Yantra is only original with respect to its size and the duplica¬ 
tion of the instrument. The meridian lines of other places on the Miara Yantra 
at Delhi was not a new idea. It had, at any rate, been worked out for vertical 
gnomons. The R5ii Valaya seems to he entirely original, but it is of doubtful 
utility as an instrument for observation. 


1 Abdul 'Ali b. 1L nl-^ offin. Nuiu uJ-Jjin nl-Barjimdi wrote a (ODiaciiUkfy on Kttlr aJ-Dm 1 * roeeii- 
■«**» ° f «*« Alwigt*t> a commentary cm NarTr al-Din a trootEse ou the astrolabe, » rotmnenl on fiugfc Deg", tables. 
Mikumw on itetnmtimy. etc. I uni indebted to Khan BaMdur Rr Mamflnr Ahmed of Delhi for th« loan ol this 
MMiOKript, which was written out by imi> Qobid b. 'Abdul JalLf in A. H. 1006 <=A.D. 1655) at Hjdertril*tL ltd 
data aud its prowinn? at Delhi suggests the possibility of iU having unw belonged to Jai Singb’s library. 
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Chapter ML—THE DELHI OBSERVATORY OR JANTAR SIASTAR. 

Foe the Dellti observatory, known •> the Jantar Mautar, we Lave the following 

approximately comet clement* 

Latitude 28° 3i ^5 S 1 
Longitude 77° IS’ r,' E. ol Grtfitnwicb. 

Height above the sca-levcl feet, f 

Magnetic declination EL 1“ 4fi\ in U»l&. Annual variation—l . 

Local time 12 minute* 12 second* after standard time. 

SQ The observatory is 3 miles 31 furlongs almost due south from the 
Ghailf the ^.metrical Survey point on the RSfe — to Hmdu ■ 

It i. aho I mile 7j forlongp 32” wort of south lion. the Jama Ma*H- 
r ft« m dected new city the observatory borders (on the east! the road leading 
t* nSj, Z£ to tile Secretarial and Covernment «—■ “T 
t lv will be a uutablu feature in the Imperial Capitol and, apart Ire ■ 
historical valuer it is desirable that it be made, by suitable surroundings an 

nroixtr restoration, os dignified its possible. . t n - _ , _ in 

P Ve general plan” (Plate XIII) of the observatory shows tie following struc- 

‘ Ure ’ 7a) The t*mm Font™ (‘ Supreme instrument * ) e hnge equinocBel dial. 

Figures 4Q. 43-4B atid plate X \. , 

((,) The Jai Pram consisting <t two hemispherical .tn.ctnrea.jnat to 
south of the Samrfit I'antra. Figures <1 and 42 ami plate W III- 
(c) The Ham Yantra CMMating of two circular burling. to the south o 
the Jai Prnkiis. Figures 41, 47-49 and plate IU1. „ 

(,l) The if lira roateCimled instrument-) aorth west of the Samral loaf™. 

Figures 50 and 51 and plate XIX. 

U) Two pillars south-west of the Af**» Yantra 
, A measuring platform just south of the H.sr« \ antra. 

37 The samrat Yantra is tie central building of the ohservatory. I n 

. , ...I m „l t ininosins, although a considerable portion of It is below 

the l» T/ ^ earth! It" i», indeed, built, into a quoilrniigular excavation 
the surface A _ , tat tnl m east to west and 120 feet from mull, to 

W Th Tb IikTue is 03 feet high, ol which 00 3 feet in above the earths 

south. The stm-tn ^ ^ and 11W f «t from north to south. The 

7 T ar ‘"evWMtrf in the plans and photographs (plate XV and ligates 40, 

r 7 C etc ,tial pans are dm inclined edges ol the huge gnomon and ho 
JLSTJUd tn if The edges ol the gmnnoo p,.io«_ to Jhe cefestm. 

i lu 1T:?4 Fntbw fk^wiwT. l W (Th* i>1 ^ Pi™ «Wn-ntmy 
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north pole, that is they make an angle [28’37') mth the horizon equal (VP™n- 
matelv) to the latitude of Delhi and are parallel to the earth’s axis. The 
quadrants (SI K G E D, figure 35) are at right angles to the gnomon and therefore 
the circles of which they form part are parallel to the plane of the equator. 
These quadrants have each a radius of 4 ( J-5 feet and are graduated on eac 
edge in hours, degrees and minutes 1 , the scales on the northern edges being 
marked in English and those on the soul he™ edges in Indian symbols, The 
edges of the gnomon are marked with scales of tangents as already explained 
(page 36, see figures 34 and 35). The shadow of the edge of the gnomon on the quad¬ 
rants gives the local time. In figure 4n the time is about ten minutes to four 
in the afternoon. The sun’s declination is found by observing which part of 
the gnomons edge casts its shadow on one of the edges of the corresponding 

quadranty 1 (sec page 3d), . 

Ln the mass of masonry work that supports the east quadrant is a chamber 

which contains the Shashihdm^ Yantra. This is a large graduated arc 60 
degrees in length built in the plane of the meridian ; and through a small 
orifice near the top of the quadrant the sun, as it passes the meridian, slimes 
on the are and indicates its meridian altitude, from which its decimation can 
be directly deduced. The chamber was closed up when the observatory was restored 

in 1910. , 

On the top of the gnomon is a circular pillar which was probably used 

originally for rough azimuth observations, but which is now surmounted by a 

small sundial of the European type. This was probably constructed in 1910 : 

the pillar, but not the dial, appears ill the Daniells’ drawings (figures 43 and 

44).* 

The lower part of the structure is now, more or less permanently it seems, 
below' the water level of the locality. The height of the water varies' but 
for a great part of the year it covers the lower part of the quadrants and the 
steps and prevents access to the west quadrant altogether ; and it makes the 
structure useless for astronomical purposes. Tf the instrument is to be saved, 
means must be taken to prevent the water percolating to the foundations. 

According to Jai Singh the Samrat Ynntru was built of stone and hum 
Hunter and'"Thorn say that the edges of the gnomon and quadrants were 
of white marble and von Orlich speaks of marble staircases (see page 48), 
The quadrants are now faced with lime but the time graduations are well 
marked with a soft black stone gently inlaid into the face of the quadrant. 
The graduations on the edges of the gnomon are scratched into the lime plaster 
surface and arc becoming o blitera ted. _ _ __ 

i Jui Singh 10 CuUil* m th d radius, and onn minute » rqtinj to a boiltyoorn aud-a-liall. See 


Th, lime ju'nlrn on t1.» nppw of th* quadrant*, and U,~ d< gm ™ lb* 

Tim Rrrapsm ayuiLot* «r» pral^bly Intmrf.K*d at Cm reste^tioti in WIO, 

a ]„ iwmbof ImI i a Trig.tfi*>« nt .ttScal - i -ry *•» *• t»l> of thn P , °“ Min “ * P 0 *** * ^ 

and found the -ILil in Um nay. Th* pillar an it ™ orlg&teUy 4ri&urd fur 

tl " rr.IT linn lta dfpth w«:. about 4 frfit Philn at tl* end ol Angitel it *« 3 foot d^prMt. 

* ^ Frying to tht £i) Mohammad ShtfM p. U 
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An examination of the Danielle drawings and recent photographs (see figures 
43-46) shows that only minor alterations have been made during the last hun¬ 
dred years. There is a slight difference in the entrance to the gnomon steps ; 
in the old drawings is shown a set of subsidiary steps to the right of the main 
steps on the gnomon ; and there was formerly no dial at the top of the gno- 

mon. , . 

38, The lai Frakas consists of two complementary concave hemispheres 

situated immediately south of the Samrat Yantra, Their structure is best seen 
in plates Will and figures 41 and 42. Theoretically only u single hemisphere 
is necessary, but to facilitate observation pathways are cut into the surface; 
and the second Jai Prokas Las the pathways in such a way that the two ins¬ 
truments together show the complete surface. Cross wires were originally 
stretched across the hemispheres north, to south and ca-^t to west, and the dia- 
dow of the intersection of these wires on the concave surface of the hemisphere 
indicated the position of the sun. The surface of the hemisphere is marked with 
altitude and azimuth circles, the tropica and intermediate circles (declination 
parallels), etc,, so that the position of the sun can lie directly read off. Also 
there arc * circles of the signs of the zodiac ’ by which the particular sign on 
the meridian is indicated by the position of the sun 3 shadow. 1 In the Delhi 
instruments the cross wires" have been discarded although the pins to which 
they should be fastened are still there ; and iron rods {2 inch galvanized piping) 
have been fixed at the centre of each Jai Frakas. The pipes should be removed 

and the cross-wires replaced. — 

The descriptions given by Hunter and Thorn seem to indicate that there 
was a century ago only one Jai Prakas. Hunter's words are Between these 
two building*", (i.e., the Ham Yantra) and the great equatorial dial is an instru¬ 
ment called Shamhth. It is a concave hemispherical surface, formed of mason 
work, to represent the interior hemisphere of the heavens. It is divided by 
six ribs of solid work and as many hollow places ; the edges of which represent 
meridians at the distance of fifteen degrees from one another. The diameter 
of the hemisphere is twenty-seven feet five inches/* Thorn uses the same 
phraseology. The old drawings and photographs are ambiguous on this point 
but they show that the original structure has been altered considerably. Pro¬ 
bably there were two complementary instruments originally but one of them 
had disappeared, 

39 The Ram Yanlra consists of t wo large circular buildings complementary 
to each other situated south of the Jai PrakaA Their general structure is best 
seen in figures 39. 41, 47-49 and in the plates XIII and XVU. Each consists 
of a circular wall and a pillar at the centre, The height of the walls and 
pillar from the graduated floor is equal to the inside radius of the building 
measured from the circumference of the pillar to the wall, err. 24 feet <>1 inches 
and the diameter of the pillar is 5 feet 3| inches. The walla and floor are 
grad noted for reading horizontal (azimuth) and vertical (altitude) angles. To 
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‘ For a inuns ihttlM vn^unt til the theory "I tbo imtmntfO* ** p. 37. 
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facilitate observation the floor Is cut up into thirty sectors with tfe 
between of the same angular dimensions as the sectors, vu., *** devices. ie 
graduated sectors are supported on pillars three feet high so that the u -ener 
can 'place his eye’ at any point on the scale. The graduated walls are 
similarly broken up by openings, at the sides of each of winch are nu c es 
for placing sighting bars. At Delhi there are no such bars m evidence but at 
Jaipur they tire faced with brass and carefully graduated. At Jaipur the centra 
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is bv an iron red. At Delhi fte pillar in graduated by vertical 

Sire (see figure 48), each « degrees in width, and there are nwessary» 
a point on the top of the edge (not the centre) of the Pillar la the centre, for 
thief, the altitude graduation; on the corresponding nectar and portion of the 
are made. The old descriptions and drawings show that no important 
structural alterations have been made daring the last century. The Dan,oi a 
picture (figure «). however, apparently shows a different entrance to the north 

Kilm Yanlra. 
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ASTRONOMICAL OBSERVATORIES OF JA1 SINGH. 

40. To the north-west of the Sam r It Yantra^ and some 140 feet away h 
toi- Misra Yantra or mixed instrument " so named hecanso it combines in one 
building four separate instruments. Of these the Aiyal Chaim occupies tile 
tiihldle of ihe building and consists of a gnomon with two graduated semicir¬ 
cles on either side (figure 50). These semicircles lie in planes inclined to the 
plane of the Delhi meridian at angles of IT 16' W., 68’ 34' \V 68° l'E and 
75° 54' E. 1 ' 

The semicircles may he said to correspond to meridians at places whose 
longitudes differ from Delhi by these angles and tradition names Greenwich 
observatory 1 and the observatory 3 at Zurich, “ Not key a village in Japan where them 
is an observatory, latitude 48° 33' N, and Longitude 145' 17' E. of Greenwich ’* * 
and “ Serichew a town in the Pic Island in the Pacific Ocean east o! Russia 
latitude 48° 6' and longitude J53 c 12' E,"' 

Let AB (figure 36) be the edge of the Delhi gnomon and ABB in the plane 
of the Delhi meridian. Let ABE make an angle 8 with ABB then ABE represents 
a meridian at a place whose longitude difference from Delhi is 8. Let at, 
denote the direction of the sun when it is in the Delhi meridian then the arc 
DP will measure its declination ; and if CX. be the direction of the sun 
when in the plane ABE then EQ will measure its declination. On the Nivat 
Yantra the semicircle ABB is not marked but ABE corresponds to one * of 
the masonry semicircles each of which is graduated north and south from E 
for the purpose of observing declinations. 

On either side of the Nivat Yantra and joined to it is half of an equi¬ 
noctial dial constructed on the same principle as the Large Samrat Yantra. Oil 
the west side of the building is a second quadrant the face of which is hori¬ 
zontal instead of being parallel to the axis. It is called the Agra, Yantra or 
1 amplitude instrument’ and its use docs not seem to have been understood by 
the restorers. Hunter makes no mention of this. 

On the cast wall of the building is a graduated semicircle called Dakshino 
vritti Yantra used for obtaining meridian altitudes. The north wall of the 
Misra Yantra is inclined to the vertical at an angle of 5 degrees (figure 51) 
and is marked with a large graduated circle. This is called the 
Karfca Rasi Valaya or 1 Circle of the sign of Cancer.’ As the latitude of Delhi 
observatory u 28 37' 35", ami the obliquity of the ecliptic is 23" 27' 5' nearly, 
the zenith distance of the sun when in Cancer is *° 10|' approximately, and 
the sun then shines over the north wall for a short period and the shadow 
of the centre pin fall- on the graduated circle. This may be the northern dial 
referred to by Jaganiiuih (sec page 39). 


1 Th™> are tho fliigM gjv! Ti by tht I’jitidiLn bat fording to I bp tnewnrenunb, of the iMigineeni 
pn-pared Lhn plan* the ongkj nrv 77’ 18, fl9" oft', (10° 42 J »nd TJ* 2**„ Thv> are diffioutt to mea , 1[r , ; 
lAjony^. 

* TSiJri that tlw tonptuik of I>!hi wu taken m 71° IB' E+ ot Gfwmrkh. It m mdly 7 r> 31 - 

Zurich labBtirvatciry i» 8 ? 34* E, of Greenwkk " 

1 It mftj hv noted that GrtotitflL-li phnemriorj’ was founded in vmn fiO yeaia Mum that at UHhi 
wiLh built bat that Zurich obaorvatoiy nut come into saditimce mull 1759, ^mc nixUia jirare altui Ju 
Singh 1 * duiitb. 








46 


ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 


41 . In (be front of the Misra Yantra is a platform 47 feet by 43 feet on 
which are traces of a quadrant of 20 feet radius. This platform was probably 
used foT making measurements when the instruments were being constructed 
or repaired. 

To the south-west of the llisra Yantra arc two pillars 17 feet apart and tin* 
line pining their centres points 35° E. of north. These are mentioned in none 
of the accounts of the observatory. If they were part of the original observa¬ 
tory they probably supported one of Jai Singh's instruments such as are now 
found at Jaipur (see figures 28 and 29). 

Hunter states that to the west of the Misra Yantra and close to it was a 
wall in the meridian with double quadrants. Jagganath, Jai Singh's assistant, 
recorded * 1 that in the year 1051* of the Silivahana era 41 with this instrument 
the latitude of Iiidraprastha 5 was found to be 28" 39' north and the maximum 
declination 23' 28'.” 

To the west of the Samrat Yantra is a small building (a chowkidar's house) 
on which is fixed the Jaipur flag. There is a tree south-east of the eastern Jai 

Prakiis that partially overshadows that instrument. The tree should, of course, 

be removed. The whole observatory is enclosed by a mud wall about sis feet 
high with an entrance on the west side. 

42 . History. The observatory at Delhi was the first one built by Jai Singh 
and it is here that the principal observations were made which were to form 
the basis of his new tables, the Zij Muhammad, Shuhl. There is some uncertainty 
about the date of construction. Pandit Gokal (.’hand gives A.D. 1710 and Sa’id 
Ahmad Khan gives 1724, The latter states that the observatory was built 
“ in accordance with the orders of the Emperor Muhammad Shah in the 
seventh year of his reign, 4 corresponding to the year 1137 of the Hegira,” 
(=A.D. 1724-5). 1 

Jai Singh tell 1 ! us a that he himself represented the question of preparing 
new tables to the Emperor who encouraged him to proceed. “ To accomplish 
the ejculted command he had received, he (Jai Singh) bound the girdle of reso¬ 
lution about the loins of his soul and built here (at Delhi) several of the ins- 

trum&ts of an observatory." This seems to indicate that the construction was 

started after Muhammad Shah ascended the throne. Also Jai Singh himself 
tells us that seven years were spent in preparing the tables. In 1719 Jai Singh 
was appointed the Emperor’s lieutenant at Agra. Jagannatb records observations 
made at Delhi in A.D, 1729. The facts seem to point to 1724 as about the 
date of the founding of the Delhi Observatory. 

Jai Singh tells us that at first he constructed at Delhi brass instruments 
of the astrolabe type in accordance with the Muslim books. 1 These he found 

* 3 and U Jtet page 36. 

* A- I». P2B. 

* DnlhL 

* Moliummrvd 8Kit rececdwf the thrum? in 1719 {October tfthj. 

* Thom #*yn : “ Tbe ihml jew of the miga Mohanimiu! or 1721 P 

* See 11- 

1 Sc* Jiage 12. 
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to be unsatisfactory and, therefore be constructed “ instruments of his own in- 
vention. Knell as Jai EnikK and Bam Yantia and Sanuit Yantra of atom) 

and lima of perfort stability, etc.” In Jai Singh's time tWfore the- observa- 
torv probably consisted of the Samrat Yantra, the Jai Prnkas the Kim Yaitra, 
a mural quadrant, and some metal instruments. Of the present buildings pos¬ 
sibly the MiSra Yanlra was added by Madhu Singh “ who inherited no small 
portion of his father’s love of science. " i 

43. Early descriptions. There are fairly numerous references to the Delhi ob¬ 
servatory in the accounts of travellers of the eighteenth and early part of the 
niiitecnth century and some of these are worth recording. Father Claude Boutlier 
and another priest passed through Delhi in 1734 on their journey to Jaipur 
(see page 6) and took observations of latitude and longitude at the observa¬ 
tory at Delhi. Unfortunately they have left on record r.o description of the 
observatory or the instruments. 

In 1795 Franklin in his description of the city of Delhi 1 wrote of the ob¬ 
servatory : It was built hi the third year of the reign of Muhammad Shah, 
by the Kajah Jeysrng who was assisted by many persons celebrated for their 
science of astronomy from Persia, India and Europe ; but died before the work 
was completed, and it has since been plundered and almost destroyed bv the 
Jeits under Jufoeaker Singh.” 

In 1799 W. Hunter pnblinked’ a fairly complete account of the Delhi ob¬ 
servatory. The list of buildings and the descriptions he gives show that to the 
west of the Misra Yantra and close to it was wall in the plane of the meri¬ 
dian. on which was described “ a double quadrant having for centres the two 
upper corners of the walls .... One degree oil these quadrants measured 
2*833-inches.”* Also in describing the Mists Yantra he makes no mention of 
the third quadrant (Agra Yantra) on the west side. Referring to the Samrfit 
Yantra he states 14 It is built of stone, but the edges of the gnomon and arches 
where the graduation was, were of white marble, a few small portions of which 
only remain.” 

In 1803 Major William Thorn visited Delhi and later gave a description* of the 
observatory. His description, however, is simply a summary of Hunter’s and he 
gives no additional information whatever, although he is sometimes quoted as 
an authority. 

•Soon afterwards the Daniells gave two illustrations* of the chief features of 
the observatory. These arc here reproduced (figures 43 and 44) and they show 
that during the last hundred years very little alteration hus really taken place ; 
but they show some small differences, which have already been mentioned. 

1 Tod ii, 371 

* .4 m Attouni of the jwwrwf Stale of Delhi. By Limit Franklin. Aiiatie. Ristrthtt, to!. t*„ r 185 kS, p. 431 . 
aiuhamnuirl -Shiih K H rrign CKxnmumtiftd in 1710, Jtfid Jai Singh tlhtli iti 1743^ 

3 A #i«f iV R*Affirrhf.% v t 17BG + 177/. 

* He draw nnt tneAD thftfc he mtfSLRiin’d nirmlJy to ft thousand ih of an Imafi b^t that it waa n pprojimatcly 2§ 
Jiichta. Thr ndiiu was eutl^qiwnt \y fthnut 13| fent. 

* Mtmoit of the [Fur in India txmilurttd by Gmeral Lord Loh in 1&I&, p, ITJ. 

H OrimUit fk*nrry r *9i5 f pari T p plates XD£ ami XJL Hie orijmai drawing* for thw pUtw ieua; 

U*n uiiidt: b bum A.l>- 1794 . 
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In L843 von Orlich visited Delhi and made the following note at""* 
observatory: “it lies in the midst of many rums: but it was never competed 
and has been, unhappily, so wantonly dilapidated by the Jute the he b. 
tered ruins alone ate to l>e seen. However, enough remains to show the plan 
of this fine buildin" ; the colossal sun-dials and quadrants, whic rts^ upo 
to “el am “led of ted sandstone and bricks and the ascent to them is 

hv handsome winding marble stair cases. 1 . 

5 Veit comes Sa’id Ahmad Khan’s description 1 which was translated by Gar? 
de Tnssv* This account is not very reliable but the original work contains 
some rmteb but valuable drawings of .be instruments, Ye read : bow h, 
observatory has fallen into ruin ; all the instruments am broken and all traces 

rof the observatory with, in two 

~£St3£E%* Ahmad Khan teila ns that in ,« the 
Jaipur' partially restored the Snmrat Yantra at the request of the Amhnokgical 
Society of Delhi; and in the Prouekrup a f lh Delhi .dmtaolcymol Socuty of the 
mb January I8» we read : "It having been stated 

of the Junier JIunter had been repa.red at a cost of Co a Ka «“ - 

leaving a balance of Co.’s Ks. 157-14-2 of the sum presented bo the soacty by 
rile Rajah of Jeyporc. for the repairs of that Observatory, and this being mm* 
Z small a sum to enable the Society to complete the repairs or even to budd 
i a romnound wall wkkh is absolutely necessary, tor tiie security of the 
remains from further dilapidation, it was unanimously resolved that the Agent 
t„ the Lieutenant-Governor , Delhi, be requested to make known bo the Ra]ah of 
Jevpore through the proper authorities, the inability of the hoerety to complete 
Jhe I'tcmphried work, without further funds.” For many years nothing furrhc 
was done In l»10. His Highness the present Maharaja of Jaipur sanctioned 
The restnratiuu of the observatory at Delhi and the work was completed m 
1910 Pandit. Gokal Chand was placed in charge of the astronomical part of the 
restoration which was carefuUy carried out. The work compirsed the restoration 
of the buildings, the mgmduation of moat of the scales and, m the case of the Jrn 
Prakas piftctieallv the reconstruction of the whole instrument. Most of the 
Heines' and the graduations were done in lime plaster but the mam gradnunnns 
True quadrants of the Samrtt Yantra are in a soft black stone very neat y 
itilaiJ in the surface of the quadrants. The graduations I,me are already 

heetmi^ obliterated. On the rop of the gnomon of the ,Samrat Yantra a sun- 

‘‘’“‘on eHch°teHumTi'i h 'tauT^ing the name of the instrument, th e date of 

'-. . ZaZ Tain Ana. 184* fc tThc « not wul I tbW 

toi .UDltot - - - «-• —» » —F 

iftijjo hocilsi). 

- jJUlr 1832. Hcprinttjd 18i6a 

: l j«-— w* f««. ■»> a « r “‘ h,, ‘’ 

lUul oi«I pTU&fit, Lt>02- 
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restoration, etc,, was placed. Some of these were done in marble and some 
in plaster. Several of the latter are already destroyed. 

45. Future Restorations. The Delhi Observatory buildings are worthy of 
permanent preservation, not only on account of their scientific and historic 
value, but as monuments to one of the most brilliant and remarkable princes 
of India, and a3 forming a dignified feature of the new Imperial City. 

The grounds surrounding the buildings should be enclosed by a low wall 
and the grounds themselves should be ornamented only by a grass lawn. There 
should be neither trees nor shrubs but there would be no objection to flower 
beds at a sufficient distance from the buildings. The buildings should be put 
into good order without interfering in any way with their present structure. 
The present pink colouring should be removed and a natural lime plaster tint 
substituted. The graduations should in all cases be made in some more perma¬ 
nent substance than lime plaster. At Jaipur marble and sandstone are both 
used and at Benares the latter only. Marble or some other suitable stone 
should be employed. 

The Samrat S antra (figure 40, etc.) is the most important of the instruments 
and every effort should ho made to preserve it permanently. Its foundations 
are in a rectangular excavation which is now partially filled with water. Ap¬ 
parently the bottom of this excavation is lower than the surrounding water 
level and consequently the water percolates and covers the lower portions of 
the instrument. Not only is it damaging the structure but it makes it useless 
for purposes of preseut observation. To get rid of the water is a problem lor 
the engineers and possibly they will decide to ‘ concrete J the whole of the lower 
part of the excavation and install a small electric pump. Unless some such 
means to exclude the water are taken the chief instrument of the observatory 
will be utterly ruined. When the water has been excluded the chamber con¬ 
taining the Shashthamsa Yantra described above (page 42) should be opened out 
and the instrument put in working order. 

The main graduations on the quadrants of the Samrat Vantra are suitable 1 
and need not be restored at present but the graduation on the edges of the 

gnomon need restoration badly. This necessitates the edges being refaced with 
marble or some suitable stone. The small dial on top of the pillar that is at 

the top of the gnomon should be removed. It is of no use where it now is 

and it prevents the pillar on which it is placed being used for its legitimate 
purpose. The sun-dial might be placed somewhere out of the way in the 

grounds. The apace round the pillar is hardly sufficient for working’purposes 
and it would perhaps be as well to reduce the diameter of the pillar or to 
place around it a tailing for protection. (An examination of the Jaipur gnomon 
shows that some such arrangement would not be in opposition to Jai Singh's 
idea,) The top of the pillar should be graduated, as most probably it was ori¬ 
ginally, for rough azimuth observations , and should be made perfectly level. 

1 It wjm & niinlftkr. | think. Ic intrude* Eiiiopwu! mcMiuwi I wl symbols and 1 should like t« ** the 
Mnd wiLti marble as originally t hry wore, and the alii graduation* rajdattd* 
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The position is one for observation and could even now be used, in the spirit 
of the original design, for many purposes. 

Tbe graduated parts of the Jai Prakis require re facing either with marble 

or other suitable stone. Tbe original was in lime plaster but it did not last 

very long ; and in 1910 the facing was again done in lime plaster but the graduations 
are already becoming obliterated (see figures 32 aud 33). The central iron rod 
(galvanised piping) should be removed and tbe cross wires replaced. 

The graduation (in lime plaster} on the walls of the Earn Yantra are not 

so exposed and consequently not so liable to deteriorate as those in the Jai 


Prakiis, The walls of the Ram Yantra at Jaipur are in marble but there the 
instrument is much smaller than that at Delhi, 

The Misra Yantra graduations are all in lime plaster and should all be 
done in stone or marble. This means reducing the edges of the gnomon and the 
semicircular meridians and inlaying on the quadrants, etc. 

The mural quadrant described by Hunter (see page 47) and no longer in 
existence might be rebuilt, ft was originally to the west of the Misra Yantra 
but the space is somewhat limited there. There are examples at Jaipur (figure 
66), Ujjain (figure 02), and Benares to serve as models. 

The probable use of the two pillars marked on the general plan has been 
already explained (page 46), A brass instrument such as the Unn&tamsa 
Yantra or large Yantra Raj at Jaipur might be replaced. 

The tablets on the instruments should be restored and revised, and they 
should of course be placed where they can easily be read ; * l and should give 
the name of the instrument, its uses, dates of construction or restoration, the 
name of the original designer (in most cases Jai Singh) and the restorers. The 
English versions should be revised by a European astronomer,* 


1 Two til llie present tablets ate too dlatont to be read with »&■»*. 

1 Thu following us mi f!£*iup]e rif thorn now on tbs instrumenLB :— 

“ Kark Rnulii Balay Yantra, Restored A.]). 1010. Tested by Jotiah Cukal Quad RKivwa. for fitting lhe j ongl . 
tntlf of tbe tun when the Concur or tbe point DO in the Faliptic tomes over the of Ikridiu/’ 
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CHx\PTEit m-JAIPUR OBSERVATORY. 


The elements for Jaipur Observatory are approximately as follows:— 
Latitude 1 * . . . . 26 a 55' 27 4' 


Longitude . . 

Height above s«i level , 
Magnetic declination , 
Local time , 


. 76" 49' 18 7' 

. , 1 ,582 feet. 

. E. l c 45* in 1915. 

, , is 26 minutes 43 seconds after HtnTidu.nl time. 

46. The observatory is within the palace precincts about iOO yards east of 
the minaret. 1 It is in an excellent state of preservation and is one of the 
‘ sights ’ of the city. The general plan (plate XXI) shows the arrangement and 
some details of the instruments, which are also illustrated in plates XX and XXII. 

Not only are there the usual masonry instruments but also a number of 
brass instruments of very considerable interest: and in the Museum outside 
the city walls are other biass astronomical instruments that no doubt formed 
part of Jai Singh’e astronomical equipment. These latter have already been 
described in some detail (p. 10 seq.): some of them axe of very great interest and 
value. The following list enumerates all the instruments in the observatory and 
the more important of those in the museum i— 

Masoxb v Instruments. 

Sanirit Y antra ......... Plate XXI. 

ShashtMiisa Yantra ....*••• 

RtUiYnkya.. Figures 54 and 55, 

Jai Prakaft . Figure 30. 


Kapak . * 

Ram Yantru 
Digamto Yantru 
Smaller Samraf Yantra 


» 31. 

n 69. 
Plate XXI. 
Figure 52. 


Nari Yalaya Yantra . ....... n 

Dakuhiyovritti Yantra .. B8. 

Metal In stb chests. 

Chakra Yantra ......... Figure 57. 

Krinti Yantra ......... rr 58. 

Uiuiatacbta Yantra ........ 

Yantra Raja or Astrolabe ..Figures 28 and 29. 

/a the. Museum. 

Astrolabe A ..Figures 5 and 7. 

„ B . .. . 6, 8, and 13. 

„ D . . „ 10,11 and 14. 

Zarqoli astrolabe ......... 19 and 20. 

Miscellaneous ....... . . „ 28,27. 

1 The position of the pthw minaret (lari Lit} about 200 yivnis to the west, of tlw obwn-ttoiy eneioe- 
uic, is Lot. 20° 55' 27-4' N., Long. 55 1 40' Ilf Eat of OrecawicL Tiuflentholer pw foT Jaipur 26" 53' 
N. and 73" 43' East of Faria. Father Boudkir gave lor thu obtflrratorjr Lit. 20° 60’ N. and Lmg. 73* 
I P' 11. et Faria. Sue page 0. 

a 3 
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4.. Samrat Yantra.— The large Samrat Yantra is situated at the south-east 
corner of the observatory enclosure. It is the largest of all of Jai Singh's 
instruments being nearly 90 feet high and 147 feet long, and the radius uf the 
quadrants 49 feet 10 inches, It ia graduated to read’ to seconds but this is 
impossible in practice owing to the ill defined shadow (U., due to the size 0 f 
penumbra), J he tangent scales on the edge of the gnomon (see p, 3G) cannot 
now be used owing to the instrument overlooking the palace zenana enclosure. 
The readings of the quadrants appear to be slightly inconsistent, the eastern 
quadrant giving readings that arc about two minutes out as compared with 
the time registered on the western quadrant. 

The general structure is the same as that of the Delhi instrument hut it 
is of somewhat more elaborate construction and on a larger scale, Like the 
Delhi instrument the foundations are below. the ground level but the floor is 
puk&a and proper arrangements are made for drainage. 

Shashtamsa Yantra.— The Shashthfimsa Yantra, or sextant instrument, is 
a huge convex arc of 00 degrees and of 28 feet 4 inches radius lying in the 
meridian. There are two pairs of such arcs built into the masonry that sup¬ 
ports lhe east and west ends of the Suinmt quadrants. A small hole in the 
roof of each structure allows the sunlight to full on the arc at noon. The 
instrument ia capable of giving very accurate results but the readings are said 
to be in error to about 4 minutes, 

Rasi Valaya Yantra,— The UHi Valaya. or * ecliptic instrument ’ consists of 
a collection of dials situated on a platform to the west of the Samifit Yantra 
(Plate XXI and figures 54 and 55). There are twelve such dials one for each 
sign of the zodiac (that for Capriconms is seen in figure 55) and each instrument 
ia exactly of the same type as the Sumrat Yantra, but the quadrants lie, not 
in the plane of the equator, but in the plane of the ecliptic when the parti¬ 
cular sign is on the horizon, and the edge of the gnomon then points to the 
pole of the ecliptic; consequently at the proper moment the instrument indi. 
cates the sun’s latitude and (with appropriate graduations) longitude. The radius 
uf the quadrant is 5 feet. 6 inches in the case of four instruments and 4 feet 
1,1 inches in the case of the other eight. The contemporary lists do not mention 
the Kasi Valaya. 

Jai Prakai.— The Jai PrakJl is constructed in the same manner as the 
Delhi instrument (Plate XXI ani figure 30). The principle of the instrument 
has already been explained (p, 37), It was completely restored in 1901 in 
white marble ami the various circles were then marked* in different colours/ It 
is 17 feet 10 inches in diameter. The instrument shows time and declination 
and the signs on the meridian. 

KapSla.—The Kapala is another hemispherical instrument and is peculiar 
to Jaipur (figure 31). There are two examples—one being a hemisphere with its 
upper edge representing, as in the Jai Pmkai, the plane of the horizon while 
m ihe other it represents the solstitial colure. The latter indicates ‘rising ai™ * 
instead of meridian signs. Each Kapala has a diameter of It* f ee t and is / 

1 1 he -ccilounr have since disopjHL-uml. ’ 
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complete hemisphere, that is, no pathways aye cut as in the Jai Pruka£ The 
graduated rims are ^ marble hut the remainder of the surfaces are in Kme 
plaster. 

Rum Yantra.—There are lout instruments in white marhle (plate XXI and 
figure 59) but all of them are quite modem (? 1891) and were made according 
to Jagannath’s instructions. In principle they arc exactly the same as the 
instruments at Delhi but arc much smaller, the larger pair being ’23 feet II 
inches ill diameter. The sectors are twelve in number occupying 13° each in 
one instrument and 18° in the other, For an explanation of the construction 
see p. 37. 

Digamsi Y&ntra.—The Dignriisa Yantra or azimuth instrument has already 
been described (p. 38). There is no such instrument at Delhi but there are ex¬ 
amples at Ujjaiu and Benares (Plate XXI). 

Nari Valaya Yantra.—There are similar instruments, but much smaller, 
at Ujjain and Benares. The instrument at Jaipur is a masonry cylinder some 
10 feet in diameter. 1 The axis of the cylinder is horizontal and in the plane 
of the meridian and the parallel faces which form the dials ate in the plane 
of the equator. The dials are graduated into ghntia and pahs and also hours 
and minutes. According to Garrett the southern lace was added by Jai Singh's 
grandson, Maharaja Purtap Singb, 

Daksbinovritti Yantra.—The construction of the Dabdiino Yritti Yantra 
or mural quadrant is clearly seen in plates XXI and figure 56. It is of the 
Rame principle of the similar instruments at Ujjuin and Benares (that at Delhi 
has disappeared). On the east face are two quadrants of 20 feet radius and 
on the west face is a semi-circle of 19 feet 10 inches radius. It was used for 
taking meridian altitude. 

The metal instruments have already been described in detail (page 16 seqi). 

48. History* *—Jaipur city was built about A. D. 1728 and the observatory 
was constructed about A. D. 1734, The earliest detailed description is that by 
TiefTenthaler, a Jesuit Missionary who travelled in India from 1743, the date 
of J a j: Singh's death, to 1780 ; but the earliest reference to the observatory is 
possibly that by Father ttoudier who with another priest visited Jaipur in 1834 
and made observation*. He makes no references to the instruments- and they 
were possiblv only in the course of construction at the time of his visit. He, 
however, unde observation for the determination of the latitude and longitude 
of the observatory itself.* 

Tieffun thaler a description* of the observatory is as follows 

“ But a place that deserves detailed description is that where astronomical 
observations are made: it is such a work as is never seen in this part of the 
world, and, by tbe novelty and grandeur of the instruments, strikes one with 

i i| X tho general plan [ptair XKJ) the iAtipporting masonry ’work is not shown hut s*e> lignns 5X 

* Meitbpt does he nsnki? any tvIeiroGo to thcr mHtnimitritd ut Ifclhi although he inuda obtsen utimu On/m 
Tone iiftrr ih* uljm-rvalniy was trtiilL 

* Lt .fins ittffididei, ftn.. |>|?. Boh gA$4 & 

* Dai rain Joseph TitiffrMfhnkr** h{BaxArtibkutj pm Ihruluatan, I7*5 f to! J 4 , 

p. 244 /. Fro neb ed ticn, p /- 
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astonishment. This large and spacious observatory is close to the King's palace. 
It is situated on a plain surrounded by walls and was constructed especially 
for the contemplation of the stars. 

*' On entering one first sees the twelve figures of the Zodiac all arranged 
in a large circle and made of purest lime. Next- are seen diverse sections of 
the astronomical sphere, fixed according to the height of the pole at the place— 
with diameters of 12 or more Peris feet,’ and besides these some large and small 
equinoctial dials and some astrolabes made in lime, also a meridian line and 
a horizontal dial engraved on a very large stone. 

“ But what attracts most attention is a gnomon (oxw vvmdi) remarkable 
for its height of 70 Paris feet’/and for its thickness—constructed in brick and 
lime, situated in the plane of the meridian, with an angle equal to the height 
of the pule. On the summit of this gnomon is a belvedere which overlooks all 
the town and is so high that it makes one giddy. The shadow of this gigantic 
gnomon falls on a prodigiously large astronomical semi-circle, of which the horns 
are turned towards the sky. It is artistically constructed in whitest lime or 
gypsum and is graduated in degrees and minutes. In the morning the shadow 
falls on the western quadrant and in the evening on that towards the east, 
and, as the gnomon lies between both the quadrants, the sun's altitude can be 
found at any moment. A double dial, constructed also in lime, is seen near 
these fjuadrants. It is enclosed in a kind of chamber on either side of which 

it is raised. When the sun passes the meridian a ray of this star enters through 

each of two holes pierced in a sheet of copper, and when these rays fall exactly 
on the middle of the two quadrants, low in summer and higher in winter, the 
sun ia in the meridian sign and its meridian height is indicated. 

" The instruments which follow have similar graduations; there are three 
very large astrolabes cast in copper, suspended by iron rings; a circle also 

of cast copper, fitted with a rule (or alhklade) and elevated at the height oi 

the pole, suitable for determining the declination of the sun—for when you turn 
this instrument towards the sun it will indicate the declination on the ground. 

i: I pass over in silence other le3S important instruments, but a matter 
which detracts from the value of the observatory is that, in a low situation 
surrounded by walls, the observer cannot see the rising and setting of the stars ; 
also the dial, gnomon and other parts being in lime plaster prevent one from 
making very exact observations.’' 

49. Restorations. —The Jaipur observatory, being situated in the palace 
precincts, has been carefully preserved and has been added to from time to 
time. Possibly the Riisi Valayn was added after Jai Singhs reign and possibly 
some of the brass instruments were brought from the Delhi observatory, but we 
have no direct information on these points. Some additions appear to have 
been made in 1891 and in 1901 His Highness the present Maharaja decided to 
restore the observatory completely. The services of Lieutenant A. H. Garrett, 
R.E., were lent and the work was finished in 1902, in which year also Lieute- 


1 12 Fmifl 12H Eaglet Je*t npprfixmutulj, 
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riant Garrett, assisted by Pandit Chandradhur Guleri, prepared and published 
an account o! the observatory. This account, as far as the descriptions of the 
instruments are concerned, is an excellent one, but the parts relating to the 
history of astronomy are not so reliable. It is difficult to judge of the work 
of restoration as no reliable account of the observatory before the restoration 
took place unavailable, Colonel Headley in 1886 gave a rough plan of the 
observatory and a list of the instruments 1 , but not in sufficient detail for purposes 
of comparison. 

Lieutenant Garrett’s work has been somewhat severely criticised in one 
respect.* * He found the R5si Valaya instruments did not accord altogether 
with his idea of their use and altered the angles slightly. He assumed that 
each instrument corresponded to a * rising sign ’ and was to be used at the time 
of rising of the particular sign for the measurement of_i.be celestial latitude and 
longitude. The following table shows the actual alterations made in the twelve 
instruments corresponding to the twelve signs. 




* London Lodo-CokmUl Exhibitiuu in IS&a. UuuBtook of tkt Jtypon Cmtrfa. pp. 5&-03. 

* Judin* Jnfifttiwy XXXV, 1806, ft 34. 


























Chapteti IX,—UJJALY OBSERVATORY. 


.. lO'-UT N. 
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Mttgnetia Dwllnation .... 0° 45' K- |I<U5). 

Local time is 2 U mimitea 03 seconds after standard tioic 

.. “■ J h ; b to tbp »»tl west of the present city in 

ht quarter called Ja ls 1 I 1 gp„ra, on the north bank of the river Sinra From i\, a 

Water Works t is Half a ,nil. west. The genera, situation is s«n Tn ihe eZhe, 
map and m figure SO. The river bank is corroding away and about a mmrirr 
° **“. °“‘ " f tlc observatory ia seen the remains of a well „„w 

ZtVZ T ,telf ' •** < ’ b “™^ * «* «-» "<mh from the rZ 
“* « hardly in danger owing to this prorimity; hut U» dminage about the 

observatory w not under control. There is a small and unparenth , u 

,u,te dose by and the foundations of tbe Digaiiuk Yantra have' already Zen 
partJy worn away* ^ D * eil 

5l ; Th ‘ ol *™ta«r oont&ts of the following instruments _ 

[a) i lie immrafc Yantra* 

(&) The Dnkwhipfi Vritti Yantra. 

(c) The Nari Valaya Yantra. 

(<f) The DigamAa Yantra. 

These are all in a state of min. Tie foundations the Digamia Yantra 
have evidently moved and its walls ttre badly cracked. The IiakThieoZt 
\antra is inclined to the perpendicular at an angle of about s 
IS possibly due to the faulty structure, for the foundations for this Wv maw 
of masonry seem to be inadequate. The Samrat Yantra is i„ , .mZ; ,T a 
state and tholes and graduation have disappeared from the Nari Vakva 

«s t k p r& 

state. It is practically of the same sire a, tbeZne at ZZZ aud tW '"T 
one at Jaipur namely, 2 d feet high, the edge of the gnomon trt Lr „a7 7 
radmg of each quadrant 9 feet i inch It, 170 * \i . * leetl * ^ ie 
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at right angles (67/, BF figures 34 „ n d 33) were drawn oa 7 * " ' WS 

perpendicular to its edge. From the points tfl F' u l h 7- g,,,,m0H “ ,,li 
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gradmarione have disappeared. (For the theory of the iii.trumem W 

The Dahahinovritti Yantm.-f Merdian insmmneitZZn ", 
and in figure 02. The nuisonry work is fairly ,,Z, btl 7 
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of the wall and 25 feet apart. A portion of one quadrant is still visible, en¬ 
graved in the lime plaster with which the wall is faced, but this is probably 
not the original graduation. On the ledge below the quadrants there are traces 
of a scale of tangents. On the west, side i* a flight of steps (figure 62) leading 
to a narrow platform at the top. At the south-west end of this platform is a 
small pillar, 2 feet in diameter: According to Hunter this was <f graduated 
for observing the amplitude of the heavenly bodies at their rising and setting; " 
and was called Agra Yantra (' amplitude instrument '). The graduations have 
now disappeared. At the middle of the platform and on the cast side is a 
small projection of the parapet 2 feet inches long and deep. On this, Hunter 
tells us, was “ constructed a horizontal dial called Puebka Yuitter,'’ There is 
no sign of this dial now. 

The Hari Valaya or ‘ Circular dial ’ is constructed on the same principle 
as those at Benares and Juipur. It is situated a few feet to the south of the 
Siimrat Yantra and consists of a cylinder 7J leet long 3 feet 7| inches in dia¬ 
meter, whose avU is lived horizontally in the plane of the meridian, the faces 
©i the cylinder being cut parallel to the plane of the equator. In the centre 
of each face and at right angles to it was an iron style round which was a circle 
graduated into gftafts and subdivisions. Tin* styles and graduations have disappeared. 

The Digams a Yantra is similar to the one at Benares. It is situated quite 
close to the Snmrat Yantra oil the east side and consists of an outer circular 
wall 36 feet 10 inches in diameter and S feet 10 inches high. Concentric with 
this is another wall 24 feet 4 inches in diameter and 4 feet 6 inches high. 
Originally there was a pillar at the centre but it has been removed. Cross 
wires were stretched north to south and east to west on the outer wall. At 
the four points of the compass in the outer and inner walla were arched open¬ 
ings, but all of those in the outer wall except that to the west have been filled 
up. The outer .vails are badly cracked and a great part of the foundations w 
now exposed. This is due to the bad drainage of the slope to the river. The 
nullah that passes close by the Digamsa Yantra could easily be diverted. In 
Hunter s time the building was 41 roofed with tiles and converted into the abode 
of a Hindu deity ” so that Hunter was unable to examine its construction, 
Tliis is of interest as showing that even in the eighteenth century the instrument 
was no longer used for astronomical purposes. Hunter also writes 1 ; — 11 Urania 
tied before the brazen fronted mars, and the observatory was converted into an 
arsenal and foundry of cannon.” 

52. There appear to be no records of any astronnmical instruments at Uj- 
jflin earlier than those installed bv Jut Singh. The date of the construct ion 
of his observatory is uncertain but it was probably between A. D. 1728 and 
A, D. 1734 (sec page 139). Tuere is no record as to whether or not. the instru¬ 
ments were ever used for actual systematic observation but vve know that before 
the end of the eighteenth century they had ceased to lie so used. 

1 Thpm i* some ambiguity in Hunter's nfanwa bat Fanny Ffcrkeg {Wandering* af a Pilgrim* 

II, 209) turn? it into it mtiiptj for aIui nay*: 41 Tii& obsarratexy at Clujein has sinco bei n conroOd ento 
art nrsniml and fonndiy of cannon." H*r Islurtoitfrtt wn* ohlaittod from Hqumst- 
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The earliest known description of the Ujjain observatory was by the Jesuit 
priest. Tie dent haler who travelled in India Crum 1743 to 1786. His account 1 
of the observatory is as follows:— 

41 Not far from there is a suburb built by Djesing, King of Djepaur, a ci-devant 
governor of this province (Malwa). An astronomical observatory is to be seen there, 
w th instruments, tnade of cement: namely two equinoctial dials, one large and one 
small; a gnomon (axis mundi ) elevated according to the height of the pole at 
this place and set in the meridian ; and on either side of this is a quadrant of 
a geometrical circle; also a dial made in lime and a meridian wall in stone. 1 ' 

The only other account of any value is that by Hunter (from which we 
have already quoted) who accompanied the Agra Resident’s expedition to Ujjain 
in 1792-93. He briefly describes the instruments and he states that Jai Singh 
determined the latitude of Ujain to be 23° 10' N. and Hunter himself took con¬ 
siderable trouble in verifying this result which he considered correct to the minutes. 

53. Restoration. — There has been considerable discussion as to the best means 

of preserving Jai Singh’s observatory at Ujjain : and it has been suggested that 
it should be restored and improved so as to be of help in the work of reforming 
the Hindu calendar. The instruments as they now stand arc, however, far 
too dilapidated to be restored satisfactorily for practical purposes. They should 
be preserved as relics and only restored to such an extent as to show them 
more or less in their original state. To attempt to do more with them would 
be foolish. Originally the instruments were by no means the best devised by 
Jai Singh and they never were instruments of accuracy in the modem sense. 
The work of restoration should have for its end the proper preservation of the 
instruments in their original form : and to this end I make the following suggestions: _ 

<i) The drainage should be properly regulated. (It should be quite a simple 
matter to divert the drainage from the foundation of the instruments.) It also 
may be considered desirable to construct some protection on the river front, 
(ii) The ground surrounding the instruments should be levelled; the trees, re¬ 
moved, etc. (iii) For the particular instruments the following suggestions are 
made: (a) The Samrii Yantrn. — This should be restored on the same lines 
as the Benares instruments but Europeans graduations and symbols should not 
be employed. (b) The Dakshinovritti Yaatra presents considerable difficulty 
because of its list. The only solution seems to be to take it down and rebuild 
it stone by stone on a secure foundation, (c) The Digariisa Ynntra presents no 
great difficulty but parts of the walls will have to be taken down and rebuilt. 
Its permanent preservation is a matter of drainage. The cross wires should bo 
replaced and the graduations on the walls remarked, (d) The Nari Valaya 
requires regraduation and the replacement of the styles, 

Ujjain the Greenwich of India. 

54. Ujjain (the ofrvif of the Greeks) or Avanti as it was often colled, ts 
mentioned in early Hindu Astronomical works as situated on the prime meridian 
and tradition also makes it the centre of astromomical learning in India. 

• HiAortitk* — ffrogrvfjhitt** Btschrtihung »» mwlWinn, vuL i, 216. 

* A fialie [tauittht* T, 1709. p. 1D1 t 
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In the Panehasiddhdnt i ka (xiii, 17) we read ; “ Ujjnj’inl is near to Lanka, 

bein« situated to the north on the same meridian : hence the noon of the I wo 

O 

places occurs at the same time, hut their days are unequal with the exception 
of the equinoctial days.” The latitude ia given (v, IB) as 24” X. and “ the 
narlikdt arising from the difference in longitude from Yavtiua are seven and a 
third in AvantI, nine in Varanasi. 1 * " (iii, IS.) 

The Stirya SiddhwtUi (1, 82) says : “ Situated upon the line which passes 
through the haunt of the demons 3 and the mountain which is the seat of the 
Gods* arc Rohitaka and AvantI as also the adjacent lake,” 

A Iberian* s discussion of the position of Ujjain ia of considerable interest. 
He writes “ All canons of the Hindus agree in this that the line connecting 
Lanka with Mem divides the aiKov^tpy lengthwise in two halves and that it 
passes through the city of Ujain, the fortress of Rohitaka, the river Yamuna, 4 
the plain of Tonesbar, and the Cold mountains. The longitudes of the places 
are measured by their distance from this line. On this head I know of no 
difference except the following passage in the book of Aryabhata of Kusumapiira : 
—* People say that Kurukshetra, u., the plain of Tines liar, lies on the line 
which connects Lanka with Mem and passes through Ujjain. So they report 
on the authority of Pulisa', But he was much too intelligent not tc have 
known the subject better. The times of eclipses prove that statement to be 
erroneous, and Frith us vamin maintains that the difference between the longitudes 
of Kurukshetra and Ujjain is 120 yojanas/ These are the words of Arya¬ 
bhata. Ya*Kub Ibn Tarik* says in his book entitled the Composition of the 
Spheres, that the latitude of Ujjain is 4f degrees, but he does not say whether 
it lies in the north or south. Besides he states it, on the authority of the 
book Al^Arhind to he if degrees*. We, however, found a totally different lati¬ 
tude of Ujain in the same book in a calculation relating to the distance between 
Ujain and Almansura,* which the author calls Brakmanavata, i\e., Bamkanwa, 
cb., latitude of Ujain, 22° 49'* latitude of Almansilra, 24° 1'. According to the 
Aime book, the straight shadow in Lohamyyc, lfl Loharuni, is Sf digits. On 
the other hand, however, all the canons of the Hindus agree in this, that the 
latitude of Ujain is 24 degrees, and that the sun culminates over it at the time 
of the summer solstice.” 

1 ii Ah 1 nuLdria whose kinEltudri ia n ppralimu tdy 2tT SI" R of Greenwich, Sofph and i>£id- 

thixd nd'jitnA 2 hours 50 minutes = 44 iblgrM iuid 0 na$kfa= Thosu giv« thn lunpitude of tjjjnlQ 
liiiJ Vlcftuuf tBaum) sd 73* sr mid 03" Thoir longitudes mre ippcttriaiatoly 75° 1 T and S3* 0' 4 j0\ 

1 Lftitka, 

1 Mount Mom, 

4 A&x*%*?* India (By E, Saohau) 316, 

l At Muthtiri weanling to Afbmml <1, JOS), Ruhitaka, hr ays, tn in the district of MuEl«io, It 
«u deserted in AJborttni'* time. 

* T FL cire* All. 40U 

Died AhD. 7j*S h hxj KtiL bf, P- 4 

■ This must be on eqni noetic Rtwiuw Itmgth, which gives u. Latitude id ia* * iL — £0* ST| r roughly, 

i u 

Tbn conrot latitude ii akiut 23 a W whidh gira s shadow of digits 

* Tb'ii it jpvun ott the 1 Jaipur B t MtraUbo with latitude 27° 40' No rttL S*» |x 127+ 

* Forimpa the AoryiSapt ul Ptolemy. y| = 2£" IS* nearly* 
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Again he says (i. 308)The city of Ujain, which in the tables of the 
longitudes of places h mentioned aa Uaam, and as situated on the sea, is in 
reality 100 tjojana distant from the sea, etc.” 

Bhaskara in his Hiddhanta Siromani {Ganita vti, 2) writes“ The line which 
passing above Lanka ami Ujjayini and touching the region of Kurukshetra and 

other places, goes through ileru—that line is by the wise regarded as the central 
meridian of the earth.” 

Bhasknra also mentions Ujjain in several other connexions as the place of 
Zern longitude and he gives its latitude as * one sixteenth of the whole circum¬ 
ference, north of the equator, This is equivalent to 221, degrees north, whereas 
the latitude of the present city is about 23° 11', that of Jai Singh’s observatory 
jeing approximately 23 10' 24'. Another value was obtained from the length 
of the equinoctial shadow which was given as 5 danda* 10 minutes, or 310 
minutes. This 1 is the shadow of a gnomon 12 dn^das or 720 minutes high and 
hence the latitude = tan ” l ?r 23° 17' 40 ' 

00 , The question of the formation of 3 new observatory at Ujjain is one 
of great importance. I jjain is one of the most ancient astronomical centres 
in the world and not only should it have a modern observatoiy but it should 
be the centre of Hindu astronomical teaching. Perhaps one of the most im¬ 
portant practical questions to settle is the position of such an observatory 
winch is to be the position of aero longitude for Hindu astronomers, and is to 
accord with the traditional position of zero longitude. To assist in this very 
important matter tbe annexed map o! Ujjain has, with to assistance of the 
Resident of Gwalior, the Director-General of Archaeology end the Surveyor- 

Geneml, been produced. The Trigonometrical Survey point on the map ie Hill 
1°; 8 „ " , . Lo “ i* approximately 7o°jr,'«- and latitude approximately 23“ 

II 6 North, It is doubtful whether there ever was & fixed position in ancient 

l jjain which was considered as of zero longitude. Rather vaguely the old city 
of Ljjarn to the north of the present city—was meant; or it is just possible 
that Jai Singh considered this point when he located his observatory to the 

south of the present city and that the site of Jai Singh’s observatory is the 
traditional place but this is doubtful. The plan now to follow is to fix upon 
the position of the new observatory and determine its longitude and latitude 
independently of tradition. The accompanying map should be of help in ob¬ 

taining the first approximations for the longitude and latitude of such u position 
and it is hoped that it mil be of use to the I’andits of Ujjain. 


J Gntrin, Aitmtmie Indiana, Pirii, 1BJ7. p, ire. 






Chapter X—BENARES OBSERVATORY. 


Latitude . * 

LoBgitudft - 
ITdght abovfl mi level 
Magnetic dfldm&tion 
Local time * 


5 ? J *J 

. SS D IS' 24 9" N, 

, . 83 s O' 4S'i’ B. of Greenwich. 

, . 300 JeeL 

. K, <T 45' (lOIfi). 

. . 2 minutes 3 seconds before standard time. 

56. The observatory is situated oil the too! of the old part of the building 
known as the Mnnmandim, which was built by Alim Singh, a Rajah of Amber, 
who flourished at the beginning of the seventeenth century. (He died in A. D, 
1614 .) This building is on the west bank of the Ganges near the Maui 
Karnika ghat and If miles south-east by south from Queen's College, The 
proper approach is from the river front, that from the city being through 
narrow, unsavoury alleys, “ Though not very architectural in its general 
appearance," writes Eergusson, * 1 “ fit) has on the river face a balconied window, 
which is a fair and pleasing specimen of his (M5n Singh’s) age.’’ (Figure 04). 

On the roof of the Maximandira as constructed by Alan Singh and a little 
over a century after it was built, Sawfii Jni Singh of Jaipur placed the astro¬ 
nomical instruments that now form the observatory. Some time about the 

beginning of the nineteenth century the Alumna ndira appears to have been 

eul urged , a and about tbe middle of the nineteenth century it was restored. 

In figure 64 the part of the MSnmandira that supports the observatory is to the 
right; the circular Digamsa Yantra is seen above the three balconied window's. 

The general plan of the roof of this part of the building (Elate A' AT/), 

shows— 

The larger Sutural yantra (J J), the Na rival a ya yantra, the Chakra yantra (CC), 
the Digam sa yantra {DD), and the smaller Sumrfit yantra. 

On the east wall of A A is a double quadrant or Daksliinovrilti yantra 
and to the south of A A is another Dakshipovritti yantra not shown in the plan. 
The grooves shown in the plan were possibly used for levelling purposes. 

57 . The Samrat Yantra (AA) is of the same type as those at the other 
observatories and is the same sire as that at Ujjuin and the .smaller one at 
Jaipur, Its height is 22 feet 3| inches, the edge of the gnomon is 39 feet Si 
inches long and the radius of each quadrant is 9 feet U inches (see p. 39), 
The edges of the gnomon and the quadrants are faced with sand-stone and 
the graduations are carefully marked. On the quadrants every half-hour is 
marked by two inlaid metal discs, the one towards the north edge being ins¬ 
cribed in Indian characters while the one on the south is in European 
figures, Each edge Is also graduated into minutes and quarter minutes; and 
also into degrees and tenths of a degree. The edges of the gnomon are gra¬ 
duated with the usual tangent scales (sec page 39). A comparison between 


1 A Hitltw# uf 1 mtfott am l KilAlt l« A rftfetfrffttr*, rnL tl, 178. 

1 C'omjtaM CtimpMra e 3 rawing 1773) figtiir ami PrioaciVa (e. LfcLtt). Tint Uttar i* fjivnu bi Utnir?* 
Wttain ih 7 ly a scrie* of Dm winy4, by Jam®* Prinwp, 
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a drawing made about 140 years ago (figure 07) and a recent photograph (figure 
66) shows that very little alteration has been made, the only noticeable being 
the inlaid metal discs already referred to, the employment of European symbols 
and the division into hours instead of gluitia. 

On the cast wall of the gnomon are two graduated quadrants (figure 66} 
used as a Dakshinovrilti Yantra or meridian instrument. Each quadrant has a 
radius of 10 feet 7 inches. The shadows of one of the pins (fixed at the top 
of each quadrant) gives the zenith distance at noon and zenith distances of other 
heavenly bodies could be observed directly by moving the eye along the appropriate 
quadrants. Under the?e quadrants is a platform (shown in the plan) for the observer. 
Apparently in 1773 these quadrants were not in existence (see figure 67) but according 
to Pandit BapuDcva §5 tri they were there in 1665. 

The other Daksliinovritti Y antra is a self'Contained instrument consisting 
of a wall lying in the meridian on the east face of which are two quadrants 
each of 7 feet !)I inches radius. Sir Robert Barker in 1777 stated that the 
quadrants were of different radii the larger of which he judged to be 20 fetr. 
If his description be correct the instrument must have been entirely rebuilt 
later on, possibly when the Manmnntfim was added to. In 1865 to the east 
uf this instrument were three circles of Ilf feet 3 inches, 2 feet 4 inches, and 3 
feet 5 inches respectively in diameter; and also a stone square with aides 2 feet 
2 inches. The circles were possibly used for construction purposes. 

The smaller Summit Yantra calk for little remark. It is 8 feet 3 inches 
high and the radios of the quadrants is 3 feet 2 inches (figure 65), If the early 
drawing (figure 07) is correct the instrument has been moved from its original position. 

The Nari Valaya (' circular dial ) or Vttara dakshi»» Oofa (north and south 
dial) is a cylindrical dial the axis of the cylinder pointing north and south 
and the northern and southern faces being parallel to the plane of the equator. 
At the centre of each face mid at right angles to it is a short iron style sur¬ 
rounded by two circles the outer one (on the northern face) 1 graduated in 
hours, etc., and the inner one in tjhntis, etc. Besides serving as an ordinary 
dial the instrument marks the equinoxes, since the northern face can only be 
used for sun observations when the sun is north of the equator. The inscrip¬ 
tion on the instrument reads;—‘‘Xarivala va Dukshin and Uttra Goia. The use 
of this instrument is to find whether the heavenly bodies are in the northern 
or .southern hemisphere, it given riiue also.’* 

The Digamsa Yantra (’ Azimuth instrument ') marked DO in the plan is the 
large circular building at the cast of the terrace. It is partly visible in the 
general view of the M&nmandira (figure 04). The- exterior diameter is 31 f feet, 
the outer wall is 8 feet -I inches high and the inner wall and central pillar 
are each 4 feet 2 inches hi :h and an iron rod fixed to the central pillar is of the same 
height as the outer wall. The tops of both walk were originally graduated 
into degrees, etc, ; and cross wires were stretched north to south and east to 
wept on the outer wall. The use of the instrument is to measure azimuths 


l Xhort ii indication lh,v this iinstrument *m oiigitmtlj' rnuda (or northern obwrritioot only, j>. 38. 
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or horizontal angles (see page 38), but it is now of little practical use owing 
to irs being surrounded on all sides but one by building*. 

To the south-east of the Digamsa Y antra there used to be another dial 
whose diameter was 6 feet 2 inches. It was ou a platform slight ly higher than, 
the terrace, and approached by steps. At the present time there is no space 
to accommodate such an instrument and Campbell’s drawing of 1773 (figure 67) 
show's no such instrument. However Williams mentioned that it had been ex¬ 
cluded from Campbell’s drawings* and it was mentioned by Hunter in 1797 

anti by Pandit Bapu Deva Sustri in 18(15. 

The Chakra Yantra is shown in the plan at CC. It is an equatorial and 

was common to most mediaeval observatories. It consists of an iron circle 
(declination circle) 3 feet 7 inches in diameter, one inch thick and two broad, 
faced with brass on which degrees and minutes are marked. The circle is fixed 
so that it can revolve round an axis parallel to the earth’s axis. At the south¬ 
ern extremity of this axis and on the pillar which supports the instrument is 
a graduated circle (hour circle) in the plane of the equator (figure 65). There 
is nn pointer for tins hour circle, and according to Hunter there was none in 
1797. Attached to the centre of the declination circle in a aighter consisting 

of a hollow brass tube (figure 68) but this is comparatively new. Hunter wrote; 

Observations with this instrument cannot have admitted of much accuracy 
as the index is not furnished with sights ; ami the pin by which it is fixed to 
the centre of the circle is so prominent, that the eye cannot look along the 
index itself.” In figure 68 cun be seen what is probably the old index and also 
the new tube sighter. 

The sighting arrangement is fixed to the big circle by a pin and this pin 


Fio. GS, Tub Fahas or Hows. 

1 RhiL Tram. Koval So;. L7UA L 45. 
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is fixed by a cotter or wedge, shaped roughly into some semblance of a horse’s head 
(figure 68), Ini the’ section on the astrolabe (page 18 ) it was stated that the 
Arabs called such a wedge faros ('horse') and that in medieval Europe it was 
generally made into some semblance of a horse’s head {sec Mg lives 24), “ Tfaonv 

which Pyu.” wrote Chaucer, “ ther goth a litel vvegge which that is cleped 
the hors that streyneth alle these parties to hepe," There is abundant evidence 
to show that the horse shaped design of the wedge was brought to India by 
the Muslim^ and the example on the Chakra Yatiirn is interesting as evidence 
of the persistence of a traditional design, and in some degree as evidence of the 
ultimate source of the design of Jai Singh’s instruments. 

58. History.— The Manmandira was built about the beginning of the seven¬ 
teenth century. Campbell's drawing of 1773 and Prinsep’a of 1825 and recent 
photographs enable us to some extent to trace the additions and alterations 
made. The part of the facade that is directly under the observatory belongs 
to the oldest part of the building and that part that has no balconied windows 
is comparatively new (see figure 64), The fine window on tlie extreme north 
(right) of the building was given by Prinsep in bis id lustrations of Benares and 
has been described Ivy Fcrgussou and Ha veil. 

The astronomical instruments were added by Jai Singh about A. D, 1^37.‘ 
The date is not certain and nearly even' writer gives a different one. Sir 

Robert Barker, who was almost a contemporary of Jai Singh-, said that the 

observatory tvas built by Akbar ; Prinsep wrote: li The building was converted 
into an observatory by Jysing, A. D, 1GSP ” and refers to a supposed des¬ 
cription of it by Tavernier;* another writer gives A, D. I6&3 1 and another 
1700. Father Boudicr who visited Benares in 1734 and made astronomical 
observations there makes no mention of the observatory, Jai Singh himself 
tells us that in order to confirm the observations made at Delhi he constructed 
instruments of the same kind at Jaipur, Mathura. Benares and TTjjain ; and the 
Delhi observatory was probably built about 1724 ; that at Jaipur was built 
in 1734 and William’s date for the observatory at Benares, 1737, may he ac¬ 
cept ed. 

59, Early Descriptions.— fn A.D, 1777 5 Sir Robert Barker, who was for a. 

short time Gunman tier-in-( hief in Bengal, published a description of the instru¬ 
ments together with a perspective drawing of the observatory as a whole and 
detailed drawings of the Samrilt V antra done by Lieutenant-On I one! Campbell, 
Chief Engineer of the Company’s service. The perspective drawing js here re¬ 
produced (figure 07) and it shows that the main features of the observatory 
are the same to-day as they were nearly a century and a half ago. There are 

apparent differences hut some of them may be due to the nature of the 

drawing; e.g., the Narivalaya and the small Samrat appear to have been 

* TbU in Uiu iliitu givufl by Wi I Jinan, who. un uJE point# that cun bn voritiud. in nstrenHw rdl^ble! 

130. 

■Hir Robert Barker lived trtni 172IM7SU nml wnnt nut to [nrfl* in 1743 ah yn ra tftor Jai SitigliVdo*;li. 

" TAii rniiT fil 'd in ifi S3, thn=e yta« after Jai Singh " birth. 

‘ Tina partiuLil.ir inEatolu- ia t^poitu*] in ihu Etic^Ljartlia Britan «*«. toJ. 3, p, 714, 

r Bif JtuM'jA Bnrktr left India in 1773. tLa fiuiwt and the drawings worn probably rondo lu 1873-73. 
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displaced slightly; the wall that supports the cast quadrant is different in detail; 
there are no graduated quadrants on the east wall of the gnomon; the edge 
of the plinth on which the larger Samrat etandH has changed its alignment; 
and in the drawing no plinth at all is shown for the other instruments. From 
the notes of Williams and Hunter it appears that the drawing is somewhat 
incorrect, or at any rate misleading for the soul It east corner of the terrace, 
for it shows no trace of the second Nan Valava described hy them. 

Sir Bobert Barkers account of the Benares Observatory was of the nature 
of a communication to the Royal Society, London. Further information seems 
to have been asked for and this was supplied hy Mr. J. L, Williams of Benares 
in A.D. 1792, who recorded very careful measurements and added some Interest¬ 
ing details as to the history of the place. He writes: “The area, or space 
comprising the whole of the buildings and instruments, is called in Hindoo, 
Maun-mundel; the cells and all the lower part of the area, were built many 
yearn ago, of which there remains no chronological account, by the Rajah Man¬ 
sing, for the repose of holy men, and pilgrims, who came to perform their ablu¬ 
tion^ in the Gauges, on the banks of which the building stand. On the top of 
this the observatory was built, by the Rajah Jetsing, for observing the stars, 
and other heavenly bodies; it was begun in 1794 1 barnbat, and it is said was 
finished in two years. The Rajah died in 1800 s Sambat. The design was drawn 
by Juggernaut and executed under the direction of Sndasliu Ma Makajin ; but 
the head workman was Mahon, the son of Mahon, a pot maker of Jepoor. 

In 1799 Hunter gave a brief description of the observatory supplementary 
to the previous accounts. He speaks of the accuracy of Mr. William’s measure¬ 
ments and explains some of the terms used ; and clears up one or two other 
points. In 1818 Sir Joseph Hooker made excellent drawings of three of the 
instruments and in his diary recordsf that “the observatory is still the most 
interesting object in Benares although it is now dirty and ruinous, and the 
great stone instruments are rapidly crumbling away." The only other descriptions 
it, is here necessary to mention are those by Pandit Bapu Leva Sastri; Lain 

Cbiinaii Lai, and Pandit Gokal Cband. 

Restorations.—Of previous restorations we know' very little. Sberring states 
that the Brahmans “were utterly careless’* about preserving the instruments. 
According to Havell the Manmandira was restored in the middle of the nineteenth 
century. In 1912 the present Maharfija of Jaipur ordered the complete restore- 
tioo of the instruments. This work was very thoroughly done under the direc¬ 
tion of the court astronomer. Pandit Gokal Charnl. 

The observatory at Benares has long since ceased to be used for practical 
purposes. The Brahmans consulted by Williams in 1792 all agreed that it 
never was used for any nice observations.” Its present situation, surrounded 
on most sides by buildings, is not ideal for astronomical purposes ; and the in¬ 
struments are of course very crude compared with those in modern observatories. 
The value of the observatory is chiefly historical; it is a monument to one of 

*a_i>. im * a.d. i:« 

j Himalayan Journal* t 1854, pp- 7+ — 77. 
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the brightest intellects of India; and it iUnstntes a very interesting phase of 
the history of astronomy. It might have another value if advantage were taken, 
namely an educational one: for the demonstration of the elements of practical 
astronomy a better set of instruments could hardly be devised. But, apparently* 
astronomy ie no longer studied at Benares, Ujjain and Jaipur* 
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Chapter XI.—MATHURA OBSERVATORY. 

61. The old fort, at Mathuii, known as Kan* ka kila was rebuilt by Raju 
Man Singh of Jaipur. On ihe top o£ this fort Jui Singh built the last of his 
observatories. The whole of it has now disappeared. " A little before the 
Mutiny,” Growsef tells us, “ the buildings were sold to a government contractor 
Joti Prasld, who destroyed them for the sake of the materials. Certainly 
they had ceased to be of any practical use ; but they were of interest, both 
in the history of science and as a memorial of one of the most remarkable men, 
etc.” 

Tie fife ntbaleT and Hunter give brief descriptions of the Mathura observatory 
and as these appear to be the only actual descriptions preserved they are given 
in full. TiefFenthaler's account (i. 143) is as follows:— 

” On the roof of the fortress are seen certain astronomical instruments, 
erected by the famous Rajah. Djesing, a lover of astronomy: principally a gnomon 
ia lime stone which represents the axis of the earth, 12 Paris feet in height; 
some equinoctial dials of 5 spans in d a meter j and some other smaller ones 
arranged for the latitude of the place 5 while other instruments exhibit different, 
sections of the sphere. The observatory i® only a feeble imitation of that at 
Djepour; but it has the advantage over the latter of an elevated situation 
which dominates an immense plain, while the observatory of Djepour is situated 
in a plain and the rising and setting of the stars cannot be seen except from 
the top of a masonry gnomon of prodigious height.' 

62. “At Matra,” wrote Hunter in 1T99 , 1 “the remains of the obse-vatory 
are in the fort, which was built by Jayaainha 2 on the bank of the Jumna. 
The instruments are on the roof of one of the apartments. They are all im¬ 
perfect and in general of small dimensions. (1) An equinoctial dial, being a 
circle nine feet two inches in diameter, placed parallel to the plane of the equator 
and facing northwards. It is divided into degrees, which arc numbered as puls 
10 , 20 , 30, 40, 50, 60; lastly, each subdivision is further divided into five parts, 
being 12 minutes or two pals. In the centre is the remains of the iron style 
ot pin, which served to cast the shadow . 8 ( 2 ) On the top of this instrument is 
a short pillar on the upper surface of which is an amplitude instrument, but it 
is only divided into octants. Its diameter is two feet two inches.* (3) On the 
level of the terrace is another amplitude instrument, divided into sixty equal 
parts. Its diameter is only thirteen inches. (4) On the same terrace is a circle, 
in the plane of the horizon, with a gnomon similar to that of a horizontal 


f JfizfAuf.) : [tiftrici Mrm<* ir F 18&3, Jt 131* 

*JU, Jkfc* V M p. isa 

■ Tb& fort ww» WU by Man Singh. 

i Thie tlescriptkfD is into rating its it fifirrapcnds lo tbn uitttiTjrtun* giren by [*tt p. 3£)]. 

The Efruarra dial is similar and pcisaibly hid only a north originally, 

# Tbtfffl ii h similar [lillar 00 the Jaipur inatfimi^nt («* pfcue XX, jffift Gft}. ami also on& on the lap 
of tho gnomon o£ the Samiat Yurtm at Ifel hL 
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dial, but the divisions are equal, and of six degrees each. It must therefore have 
been intended for some other purpose than the common horizontal dial, unless 
we may conceive it to have been made by some person who was ignorant of 
the true principles of that instrument. This could not have been the case with Jav* 
sinha and his astronomers ; but the instrument has some appearance of being 
of a later date than most of the others : they are all of stone or brick, plais- 
tered with lime, in which the lines and figures are cut; and the plaister of the 
instrument, though on a level with the terrace, and consequently more exposer! 
to accidents than the others, is the freshest and most entire of them all. (5) On 
the east wall, but facing westward, is a segment, exceeding a semi-circle, with 
the arch downwards. It ia divided into two parts, and each of these into fifteen 
divisions. Its diameter is four feet. On the west wall, facing eastwards is 
a similar segment, with arch upwards divided into the same way as the former. 
Its diameter is seven feet nine inches/’ 
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Chapter XII. —HISTOIUCAL PERSPECTIVE. 

63, To enable ns to place the material collected in ita proper historical 
perspective it is necessary to survey briefly the development of astronomical 
science @s it a fleeted Jai Singh s work. In milking such n sur\c\ it is neces¬ 
sary to bear in mind not only the particular theories, topics and methods to 
be elucidated, but also the views of previous writers. 

Of Jui Singh’s theories we have but Little information : tradition or mistake 
has allotted to him the whole Ptolemaic theory, and possibly he accepted it 
all : but he must have been acquainted with the teaching of Kepler, Galilei 
and Newton for ho possessed the works of La Hire, Flamsteed and others. 
The topics he dealt with are outlined in the preface to the Zlj Muhammad 
Shdhi . Principally he was concerned with the design of instruments and 
practical observation with a view to the preparation of a catalogue of the 
stars, etc. His bent was practical and he was particularly anxious to eliminate 
instrumental errors. 

These points have been illustrated in the foregoing chapters which also have 
indicated incidentally the sources from which Jui Singh obtained his astro¬ 
nomical notions and inspiration for his methods. There is not the slightest 
doubt as to the main influence that directed his activities—it wsa that of the 
Muslim astronomers of the type of Ulugh Beg ; but it is still popularly supposed 
that Jai Singh's work was principally, if not wholly, of Hindu origin, and pre¬ 
vious writers have helped to strengthen the notion. Sir William Jones was one 
of the first to give this impression : “ The Sanskrit work, 1 ' lie says, 1 “ from which 
we might expect the most ample and important information, is entitled Chetradarm 
or st view of geometrical knowledge, and was compiled in a very large volume by 
order of the illustrious Java Singh a comprising all that remains on that science 
in the sacred language of India,” At considerable trouble and expense this work 
was published by the Bombay Government and it turned out to be a Sanskrit trans¬ 
lation of Nagir ol-Din al-TijsI's edition of Euclid's Element t. Hunter was also 
misleading in a negative wav, and more recently Garrett’s (otherwise most excel¬ 
lent) book is somewhat remarkably wrong on historical matters* It practically 
makes Jai Singh the author of the Almagest, and the Hindus the inventors of 
the astrolabe j and generally gives the impression that Jai Singh s work was 
wholly of Hindu origin. " He revived Hindu astronomy,'' it tells us, “and gave 
such an impetus to its study as had not bceu known in India since the rime 
of Brahmagupta in the seventh century. 

It is necessary, therefore, not only to trace Jai Singh’s theory and practice 
back to their proper sources but to examine in some detail the possible connex¬ 
ions between his work and the traditional Hindu theory and practice. 

1 Tht iwb cj Sir Willitt™ Jww, uifA tin Lifr at lh Author. By LunJ TVigwiumtb. tuL Hi. f. 340. 
Sir W. Janes wuh ttsuiiily wrong on MtromHpical mutton, Hu omphnai.wa Lis ™ mintake in this instnuoe 
l,y lua ciratfoft la otlim: " Fnmtkd," b* »j», “ ^ th“ atmort critic*J as^ly wore b|j]i]JwI C, 
tinguiRtuTig such wofti.' 1 

1 Fp. 10, S \ 21. 
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For purposes of exposition it is convenient here to speak of the influence 
of three schools of astronomy (i) Hindu. (ii) Muslim and (iii) European.' Jni 
Singh was to some extent in contact with all three anil it is a matter of con¬ 
siderable interest to determine the quality and quantity of their influence on 
him. Al though he actually lived in the eighteenth century of our era the in¬ 
fluences that directed his activities were medieval : little advance had been 

made by the Hindu and Muslim schools for centuries and the advances In Europe 

were too recent to be fully appreciated. 

H i n"du Aetbqnom y. s 

04. There is a certain amount of very interesting mythological astronomy 
recorded in the Vedas but the earliest formal Hindu astronomical worts are 
the J-yotitka Veddnga ami rise Siirya Pmjiiapti, the latter of which exhibits a 
strange cosmography (with two suns, two moons, etc. 11 ) while both have the crude 
elements of a scientific astronomy. These works are of considerable historical 
interest: they show little, if any, Greek influence. 

Soon after the beginning of the Christian era the traditional astronomical 
system in India was largely discarded and the system in vogue in the Greek 

schools was imported and assimilated. In the Puiicha Siddhdntikd of VarSha 

Mihira we possibly have summaries of two western books— the Pauliitt and 
Itnmaia SidiUnhUitts, but quite apart, from this there is abundant evidence to 
show not only Greek influence but Greek domination. The representative Indian 
work that exhibits the astronomy of this period is the Suri/n SiddMnta. In 
its original form this work was probably composed about A.Lb 400, and the 
recension now in use about A.D. 1 100. Since then very little attempt at advance 
has been made. The orthodox si ill accept the Surya Siddhanta as authori¬ 
tative find other works are not essentially different. 

Such are the taels hut there has been an extraordinary amount of mis¬ 
conception current. According to Hindu tradition the Snrr/a Siddhanta was 
composed some millions of years ago.* * Builly towards the end of the eighteen 
century considered that Indian astronomy had been founded on accurate obser¬ 
vations made thousands of years before the Christian era. Laplace, busing his 
arguments on figures given by fiailly. decided that seme 3.000 years B.C. the 
Indian astronomers had recorded observations of the planets correct to one 
second ; Playfair 6 supported Uuillv's views; Sir William Jones argued that correct 
observations must have been made as early as 1181 E.C. ; and so on; but with 

* Thf' (pk\4(inil nf illHueiH^ tlAii llul hv.n i-manir|cr>nl : Lilt it la intrrn^tmg In nntp- th;i( in Ifiq 

tOTOltotmth i^iilury tho Fruncii J'-hiuia Isrlp r& Lhta CMm-w h tlmir sutrorcomy j mnd ot Peking ji fc w years 
a io mfts noran] lurp biPtranlont^, wxpjjbwti to hi- (fndjgBed hy Falluif Vnrhtoict, oopircrl fninj of 

Tydbo P null iibu wjiuu MtmltttV of im A&dlor date. Soi? (5. F> thm Birtvrp of A 

jijl 7ft-71+ 

* Tb ' 1 Mowing Hotos iilicfflj.it lu ifivi very briefly only II fsiir nritbn of fUadto astro many, No nth-mp 
has bupn mLtEr' .*t -omptl'tPTi!Fur I art I n-C mfurmutiun rcfunniOG ehiiuld b-i- nincle to the vnirkfl tfflsusri»b^J 
in ibt- iinnnctHl bibliography fp.t4I 

fl Tap i-etronontral notions of tin? wu% ChriatjittL writers were often lut mn™ nbaorl, gp, ^ 

* uryw Siddh&nt% i. S*®L 

* Ait^rwacd i both Laplikw imJ F%fair muttaL Bw my Hindu A§ tronumy. 
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the researches of Bentley. Culetirnoke, Weber, Whitney, Tliihaut and others more 
correct views were introduced; and it has long been known that the figures used 
l>y Badly are comparatively modem. 

Vedic Astronomy. 

65. Vedic Astronomy is more poetical than exact and il is of interest, apart from 
its poetic value, chiefly us a subject of controversy. Certain scholars, r.g„ 
Dikshit, Tilak, Jucobi and others, argue from rather vague astronomical premises, 
partly based on the texts, an extreme antiquity for tlie Vedic writings; others 
do not accept their views. 

The Vedic year was It; months of 30 days each and an occasional inter- 
(alary month, " the thirteenth mouth fabricated of days and nights, having thirty 
members.” (A.V. xm, 3, 8 .) There is no indication of any definite cycle. 

(Thu five-year cycle appears Inter.) The year was also divided into two equal courses 
or ayaiias, a notheru course or t!f(ard>/mm beginning at the winter solstice, 
and a southern course or Eafokiyaifuna beginning at the summer solstice. 

In the Rig Veda two awtemTns only arc mentioned, JIagha and Piialgun! ; 
I mt in la tar Vedic texts fr^,. A.V., xix, 7, 1-5) a complete list of the 28 
ixiL'kstms or HStensms is given. This list, is headed by Krittikdn or the Pleiades, 
which marked, it is believed, (he vernal equinox of the Vedic yeur; and this 
is a foundation, although not u very secure one, for Walk chronology . 1 

If the vernal equinox was marked by E pittites then the period of fixing 

lids was about 2350 years BA 1 ,, when the vernal equinox was approximately 
of the same longitude as Alcyone ( 17 Tauri) the brightest of the Pleiades. But 
the only evidence we have is the occurrence of the list of nakshalrus with 
Kpttikas at the head and, if the assumption made is true, the only legitimate 
conclusion is that this list must have been prepared at some time after 2350 B.C. 
It may have been an exotic list; or it possibly ^ might be a genuine record of 
Hindu observation at some time or other. There is another difficulty in the 

fact that according to the Hindu records Kpittikas apparently marked the vernal 
equinox for a very considerable period. 

Other parts of the Vedic texts have also been used for the purpose of 
establishing their great antiquity, c.ij Jacobi attempted to prove that the 
Vedic year co mm enced with the summer solstice. His arguments arc based 
on th v following very doubtful rendering of a verse of the Frog Hymn 

“ Those leaders of rites observe the institutes of the gods, and disregard 
not the season of [the twelfth month] j* as the year revolves and 
the ratus return, then scorched amt heated they obtain Freedom. 

Dikskit,* from a passage of the Brahmanas (&.B, If, I, 2 " fixes the 

age of its composition at. 3[KH> B.C, The words " They (the Krittikas) do 
not move from the eastern quarter while the other asterbms do move from 

i AtcfirtlLti je iU Albcruni I Il + 8) ifi lib* lime? tilt? jutr wiLH comm 1 iiCik! wltb BtiAdrcipfidi, -»tf;I H ov 

SIrLpniijriij* ireonflfl^ to -jr jifuililiclinn. S+iti rilalO Fkwl JB -i-O, 

? Ot'ic-T tmnal.itinn* give b 't ti f* twelve mooli fc” 

■ Indian .4u %wiry lS95 f XS.IV, p 
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the ***> quarter" la tak« to m«m defiatoly that the aatoram Krittikaa 
(Pleiades) and no other asternm was on the equator; and he writes In my 
opinion the statement conclusively proves that the p^ge vyas composed not 
later than 3000 B.C” Many other similar interpretations have been drived 

in Vedic texts no definite mention is made r.f the planets, although much 
ingenuity has been exercised in interpret ing the text* otherwise. There are possible 
references to eclipses which Ludwig, with pome skill, has attempted to identify. 


Yetianga Astronomy. 

66 f(l ) the Jj/otis!,a IWf 1 and the Swyapnjfrnpli contain rhe earliest 
iormal astronomical statements. The former introduces the 5-yenr cycle of 
1830 apparent solar dap. The year was tropical in theory and contained 360 
apparent solar days and was therefore too long. The sidereal year was 367 
sidereal dap. The lunar day or tithi was H of an ordinary day, but was 
reckoned as equivalent to an ordinary day for calendar purposes, one tithi being 
omitted as occasion required. There were 27 nakshatraa each supposed to 
occupy ~r — 13! degrees of the ecliptic, and each mikshatra was considered 
to be divided into 124 equal divisions or nriufus. The sun therefore traversed 
3X27 oaterisms in the five year cycle or a ricks a day; and to traverse 

one nakshatm it took 13,' days =13 days 335 katas, since there are 003 kolas 
in one day. The moon traversed m.kshntras in one day and one nakshatra 

in 1 day 7 kalas. 

The five-year cycle appears to have commenced with the winter solstice 

and £ravishtha is said to have marked the beginning of this cycle, and also 
the beginning of the suits progress, and also the winter solstice—all of which 
are in agreement, Tf firaviahtha is to be identified with B t a , y and 6 Delphini 

(as it usually is) then it marked the winter solstice about B. C. 1100. But 

u list oi astmdama given in the text begins with Asvini (>3, and y Arictis). which 
marked the vernal equinox about (be beginning of the Christian era. The 

Veda ago states that, during t!ie northern progress of the sun the days increase 
in length at an even rate of 157 minutes a day or 4 hours 48 minutes in six 
month-' of l S3 days 1 : the northern and southern progress are considered equal. 

[M The Srtnjftprajdapti is a Jain treatise on astronomy that is similar in 
many respects to tic Vedahga. The Jainas held the old Indian idea of the heavenly 
bodies revolving round mourn Mem and as a corollary to this they 

conceived two suns, two moons and two sets of constellations. The five-year 

cvcie began with the summer solstice with the sun in Pushy* ami Thihuut 

thought’ this was a correction, from actual observation, of the older Yedangii 

1 i'tMigtl id Ihf miuir- of certain works or tilwiKW of work* njg.irdcj OH .imilinry 1(1 tb“ Yixla, Thi'y 
B.n M e^ rally eooaklMwi af • n»ninwhnt laU r ikli;. 

t Ybr, uiUli- <4 dba»V'-’ oft P*®* *31 ■hron Hint nn inenudt nf 4^ homy noTTr,ii|>niirls U* a latitmt 
,,| 38' ,iti" U., the ahllquitv bring Inkeu jm 23J clrgn** For a gutter oHJqnhy it would be further worth. 

* TbibMt f’jtkoljUj ■ a pn-wsuinn of 37 3' or n dilf«nmeo of 124G ti-ais bet WOW the Yedanga uikl 
tin S»rjwpfwjni‘jAi but giro * caution to llu uncertainty of ilw dudndjan. 
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Another point of difference was the employment of 28 imkflhfl traa of unequal 
extent and this altered, theoretically, the positions of the nakahatras—in some 
eases to a very considerable extent, mid makes our estimations of the periods in 
which these works were composed very uncertain, 

(c) The characteristics of this period are :— 

(1) The five-year cycle. 

{2) The division of the sphere into 27 or *28 nakahatroa. 

(3) Equal daily change in the length uf the day. 

(1) Omission of any explicit reference to the planets. 


Greek Astronomy in India, 


67. Variilia Mihira and others, about A. D. 550, made popular new ideas 
borrowed from the west: they remodelled the Hindu astronomical system on 
Greek lines, Varflha If Ultra's astrological works contain numerous Greek technical 
terms and show, unmistakably, Greek influence. His great astronumicul work, 
the Panehasiddhdhtila consists of summaries of the Puitumaha, Yadshtha, 
Homaka, Paulisa 1 and Saura Siddhantas. " The Siddhanta made by Paufisa 
is accurate, near to it La the Siddhanta proclaimed by Homaka. more accurate 
is Savitra and the two remaining ones are far from the truth.’’ The summary 
of the PaU&maha Siddhanta exhibits the teaching of the Yedanga stage but 
adds the epoch of 2 Saka (=A. D- 80). The Vasishtha Siddhanta appears to 
represent the transition stage. Tt altera the longest day rule aud introduces 
shadow calculations and the lagna or ‘ rising sign ' notion ; while the other three 
introduce, unequivocally, the Greek teaching, l’he main characteristics of the 
Romaka S iddhtt Mto aTe— 

(n) A cycle of 2850=19 X 150 years, perhaps based on the Metonic cycle. 

(6) A year of 365 J 5 !i 5o m 12" which is exactly the tropical year of Hipparchus. 

(c) The epoch of 427 Saka (=A.D. 505). 

(<£) Omission of mention of epicycles. 

In the Paulite Siddhanta the following points are noteworthy 

(a) A year of 365* C" 12 m . 

(tj A special rule for finding the place of the moon. 

(c) Very rough rules for eclipses, 

(d) Differences in longitudes between Avanti (Ujjain) and Vftr&nasT (Benares) 

and Yavana (Alexandria) are given, 

(?) A table of sines agreeing with Ptolemy’s table of chords. 

GS. The SUrya Siddhanta is probably the best known astronomical work of 
the Hindus. The several sections of the accepted text" relate to 

I. Thu mean motions of the planets. 2. The true places of the planets. 

3. The gnomon. __ 4. Eclipses.* _ _ __ 


i Albomni writ** (1, 1331: “ £*»olifis-niJUiLilnto. «o tilted from tbs Greek. fcvm tb« oily of 

o. ulTlIcIi t BUflDOB? i 11 l>0 AblllBllflIL 1 

* a Varaiiu Mihim'a JFiinunAiT of thi* work differs in ootiw details from the tell now m mm Lot nut 
f <1 tire knuih of tlis iidttewl v nr in the tw.j Worts is : Old Si.ldhame 265* tl 12 IUV. 

Sarv^ Hiddh.u^ W 6* U* 88-WL The «art now possibly dates Irani about A.U. 1 LOO 

l. ■ | . f u p imrlk^r lintil for Uia tsnginLil fiydMnt» b about A-D* 400. 

a .. TJjllt Ml bp>cl which ia tlv greatest mystery. wbwb the minds of writtua of jurfrawJmimJ 

winks*' 1 (* fr) 
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5. Planetary conjunctions 8- lustra malts, 

<k Aff t^pHTxm 6, Time, Cowoagony. 

7. Heliacal risings and settings. 1 10 k Astrology* 

06(a). The topics dealt with in moat of the later Hindu works are funda¬ 
mentally the same as those of the Surya StddMnta and the following notes 
apply fairly generally to all these works. The earth is considered as a fixed 
unsupported sphere round which the other heavenly bodies revolve.* Its dia¬ 
meter is given os 1,60!) yojanas and the distance of the moon as 51,370 yojanas 
or roughly the same relative distance as Ptolemy gives (6J \ radii of the errth). 
The distances of the other planets are calculated on the assumption that they 
move with equal velocities. The equation of the centre of a planet is calcu¬ 
lated by »Hgum m g epicycles, but an apparently indigenous notion is introduced 
by making the epicycle oval. Ptolemy's theory of the equant is omitted and 
certain other improvements of Ptolemy relating to the moon and Mercury are 
nbo omitted- The precession of the equinoxes is explained as a sort of libration 
within Limits of 27 degrees east and west of a fixed position, at a rate of at 
seconds a year ; and the obliquity is generally reckoned at 24 degrees. 

The Greek names of the planets and of the sigma of the zodiac were adapted 
and the seven day week introduced; many Creek astrological terms and some 
Greek mathematical terms were adopted without change. Some cl the old 
cosmological notions that did not interfere with the new ideas were retained. 
The Greek teaching was, indeed, accepted as a whole — but the evidence points 
to the curious fact that the Greek astronomy introduced is that of a period 
preceding Ptolemy, although Ptolemy lived in the second century of our era 
and the Hindu-Greek astronomical works did not appear earlier than A.D. 400, 

66(6). One of the most notable features of Hindu astronomy of this period is the 
employment of minicii-* cycles. To express the planetary elements in integral numbers 
the astronomers assumed an artificial epoch of general conjunction and a period of re¬ 
curring conjunctions. The last general conjunction was supposed to be at 3102 B.C. 
and the cycle or yuga of recurring conjunction is supposed to consist of 4,320,000 
years.* The planetary elements are expressed in terms of this cycle as follows : _ 


IWm 

TWoIqtiuiu. 
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Sun . . 
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* Fbr wmift historical wwoimt of this tujn« net Boncbi.Leeitimj I'AOralosit yrtjxnt p Ill/ 

* AiyoWwta ■ttompfc’d * the thway ol Hafaefltu Hut it wu the «rth*i .jwu ' w.v n \uu an 

that ptxxiwwl th" aptwtrrtit nation* of the h^n ulj- bodlw : hot he wh oomfenmi a* Bnarthodu* an A 
lht> tww hud MW W«l Itoroptot} hr Hindu wtimromiiTB ^acridly. 

* Thf. Mhi +.320,000 = SO x WJ'is (Suggestive uf fikbyluniau mUmac*. Rp* hW. Aikro Tht Vux.f iaS 

,Vh m&r tj JWM. " ? 

‘ As Whimoy point* out nil these numhci* eicept the Jut t**, ire diviaibb by four uid this «*>m. 
U< indibAts that l hr M two Wi*rt Istur whlitlnlU, " DU 

















(a) One of the most frequent of the Uinta calculations is concerned vdtb 
finding the atag^a.or 'sum of days' that hare elapsed since the beginning 
of a yoga. Thus,at the commencement of the Saka year 953 (i.D. 1031,Feb.' 
3,244,132 years of the ehaturyugs had elapsed.and iharondmnistinn to find 
the number of civil days the calculation is as follows: ^ 

12*3 244 13:(rives 1,19' ■ intercalary months,. .hence the lunar 
days elapsed are 30(12*3,244,1; 2 *-l,196,525)»1,203,733,270. igain 
1,203,783,270* £ gives 18,835,679 omitted lunar days,and the number 
of civil days that have elapsed is therefore 1,203,783,270-18,835,679 
or 1,184,947,591, 


! p“rt n ifomiui d ” 0ntil ° nlr occurs vfcea it is cow Is te t hence tbe fractional 






















































ASTRONOMICAL OBSERVATORIES OF JA 1 SINGH. 


73 


There was, of course, no general conjunction at 3102 B.t\, which period 
was arrived at by calculating backwards according to the rules, liently assumed 
that at that particular time when the calculation was made the positions of the 
planets were known with some accuracy; he then calculate! according to the 
StirUtt Siddhdnta rulci the positions of the planets at several periods and found 
them most correct for A D. 1091 and concluded that the elements were fixed 
and the work composed towards the end of the eleventh century. 1 


Hindu Astronomical Calculatlons- 


70. The important elements 


the t>urya Sid i1 hunt a a re : - 
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Yaars in thn pugn ttr a$a - 
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Sidereal muutha 
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F 
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5S,4^3J».% 

T p E— A* 

tn, G 

i rntfffOftlflry mcinttiis (atUumpm) » # 


G - F—Da 

1H 

cl. 1 

Lunar Jjvft (fiEAij **«e->* 

leoRuocr.cw 

H -i 30xF. 

Omit tnl lunar dayfi {liihi E ?Arj^u) ,, 


I = H-C, 


(a) One of\he most frequent and most, important calculation is concerned 
with finding the dkargantt or ‘ sum of days ' that have elapsed since the beginning 
of an age. Thus toytind the ahargmy} for the beginning of the solar year 4294 
of the Kali Yuga th<? calculation, is os follows :— 

1,593,336 


4293 x 13 



Again 


whence the lunur da; 
o m sit ml lunar 


or m - 15833176 

515IG _ 51 i 840JHX) 
i dii[ 3 ^fi - SCI (5l&lfi+1583-3770}= 


divv 


omitted hinar dfivBiiie 

603,000,080 


J 


and the total number of civil days is 1 jfiSt)55‘8410 f 
(6J Another characteristic example of the calculations is concerned with the 
equation of the centre (Kendra). The mean position of a planet was calcul¬ 
ated from its number of revolutions in a yuga (p, 74). This was corrected 
by hypothecating certain epicyclic motions. The mean motion in a circle (defer¬ 
ent) gave wrong positions so the planet was supposed to move in a second 
circle (epicycle) whose centre lay on the circumference of the mean circle (de¬ 
ferent) and the corrected position was calculated on this theory. For all but 
the sun and moon (which required only one) two corrections were made. (1) 
the equation of the conjunction, (2) the equation of the apsis— by two separate 


* For furlin'r iMoils kb ray Hintlti .{.’fhaiwroy. Bmrtluy'fc general argum-.t b ifiiTtui -xiomt bm lui 
,miF>. not be swenpUd u sellable or .ill point* 

t Tbb roun'l Jwul way u uieuiwit&ted, wee or L ea, Ly t.bft fr.-tm of it * t bl<r*, TU - remit tnay be ubtaiH 
\tv umltiplving l£ X 42U3 by ■— wtiinli Li uppnfiinutt !y 30 OS^3 and Ht r2'3 ■ 3'J'41*?3= trifl8(}5&-960f>3. 
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Hindu Star Lists. 

72. The determination of the position of the stars with exactitude does not 
seem to have interested the ancient Hindu astronomers. 1 In early works the 
brief lists of stars with celestial co-ordinates given are generally in connexion 
with the path of the sun and moon through the nukshatras. In each nakshatra the 
position of a junction star or yugalara was determined. The Pniicha SiddMntikd 
mentions seven of these while the Surya SiddJiant gives the position of 28, one 
for each nukshatra and also of seven other stars. The Siddhdnta Siromam and 
Brahma Siddfidnta mention only Canopus and Sirius. After these such lists as 
Mali end ra Suri’s (given in Appendix A) sometimes occur. 

2. The Patkha Siddhdntikd record is as follows ■— 

*' The yoga tar a of KatLka is at the end of the sixth degree and three and a La If 
hitstnt to the berth of the ecliptic ; that of Robin j h at the end of the eighth 
degree, nod live mid a half hu&fus to the south of the ecliptic." (XIV. 31) 
" The two slant of i'tmarvasu are at the eighth degree, and to the north and 
south of the ecliptic at an interval of eight hast ns. The star of Pusbya Ih at 
the fourth degree, three and a half haxln* to the north.” (35) 

•" Of Avlcsha the i out Lem star is at the first degree one husta (south) j so also thq 
northern star of BTagba the conjunction takes place in its own field, 1 at the 
sixth degree. Of Ch.fcra at seven and a half degrees, three finsfng to the sauth. ,tl 

The Surya Suhlhunta gives the positions of the chief sturit of the nakshatnis 
in terms of polar latitude and longitude/ The Surya Siddkania stars and their 
position are given in appendix A. 

Hindu Astronomical Instruments. 

73. The only instruments of practical utility for astronomical purposes des¬ 
cribed in ancient Hindu works are the sun-dial and clepsydra. An armillary 
sphere is also described as an instrument for purposes of demonstration. The 
only Hindu instrument of any antiquity actually found is the clepsydra, consisting 
of a metal bowl Heating in a vessel of water.® 

The following is a summary of those parts of the early Hindu texts that 
deal with astronomical instruments, (i) The Clepsydra or Water clonk is referred 
to in the Jyottsha Veddnya where the amount of water that measures a uadi fed 
{—24 minutes) is given. The more ancient form of water clock appears to have 
been simply a vessel with a small orifice at the bottom through which the 
water flowed in a mdikff but later on there came into use the form described 
in the Surya Siddhfudn (XIII, 23) : “ A copper vessel, with a hole in the bottom 

1 Afbwml writes! <IL S3)! Tbo Hindu* arr Vm' Eitt ]i! informed regord io£ the stara. I ntvrt 

came iraT>w any onn Lhi-tn who kiHiw the ainilr stars of the lunar ddliutia from ryffiight, and wm able 
Lo ppoint thorn out to nw with his iofttV 1 

* i.t T on the ecliptic. 

1 Since 24 a aguloj = t hn*£a and tlrtt dia totter of tlir mtum was rorknned as 15 fi^n las, btu| its meati 
diameter qh 32 muiufcs (HK. IV F \)w Have approximately 3 Qngufo 2* IF and ) taw'iu = frV 12* luughlv ; 
but poaaibly 1 tlagufa wos nacauL to mOflBUie 2 minutes. Alsu 27 nriJviirinf’VM occupy 300^ And uwa l hereforo 
woupiee degress, 

* Si!* also p, 8* 

* It in tHr ndv mutrament riescribiyl in the (Ed. Jartvl IH, Jfl), 

* X F. FW Tht A*ti**t Indim IV&tt Clock 1913* rp. 213 23D. 
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set in a vessel of pure wafceT. sinks sixty times in a day and night and is nn 
accurate hemispherical instrument.'' The Pahaha sidiihiintikn description 1 (XH, 
32) ia similar hut adds “ Or else a nSdiM may be measured by the I ime 
in which sixty slokas each consisting of sixty long syllables can be read 
out,” 

A later description of the clepsydra is as follows : ‘‘ A copper vessel, weigh¬ 
ing 10 'paias, six afu/ultts in height and twiee as much in breadth at the mouth 
—this vessel of the capacity of 60 palas of water and hemispherical in form 
is called a ghati. The aforesaid copper vessel bored with a needle made of 3$ 
m&shaa* of gold and i angulas long gets idled in one mdika. 

In practice, no doubt, the dimensions of the bowl and the orifice were 
determined by experiment. ShRukara (XI t 8) indeed says \ fcee how often it 
is filled and falls to the bottom of the pail of water in which it is placed. 
Divide 60 ghati* of day and night by the quotient and it will give the measure 
of the clepsydra.” 

(ii) The Gnomon.—The sun-dinl described in the early treatises is of the 
simplest kind, consisting of a vertical rod or gnomon divided into 12 divisions. 
The descriptions are of a theoretical nature and do not apply so much to the 
construction of instruments as to theoretical calculations. The Pajkfamddh&ntite 
(XIV, 14-16) instructions are : “ Mark from the centre three times the end nf 
the gnomon’s shadow and then describe tw T o fish figures. Thereupon describe 
a circle taking for radius a string that is fastened to the point in which the 
two strings issuing from the heads of the fish figures intersect and that ia so 
long as to reach the three points marked. On the given day the shadow of 
the gnomon moves in that circle and the base of the gnomon is the south- 
north line \ and the interval in the north direction is the midday shadow. 51 
(III, 1-7) This means mark on any particular day the extremity of the shadow 
at three different times—and these three points are supposed to lie on a circle the 
centre of which is found (in the usual way) by the so-called fish figures. 1 

The Surijfi Siddhibita directions (III, 1-7) are more elaborate but relate to 
exactly the same typo of dial. They are as follows 

" (*) On a stony surface, made water level, or upon hard plaster, made level, there 
draw an even circle of a radius equal to any required number of digits of the 
gnomon. (2) At its centre set up the gnomon, of twelve digits of the measure 
fixed upon ; and where the extremity oj its shadow touches the circle in the 
former and after parts of the day, (3) there fixing two points upon the circle, 
and calling them the forenoon and afternoon points, draw midway between 
them by means of a fish figure, a north and south fine, (4) Midway between 
the north and south directions draw, by a fiah figure, an east and west line : 
and in like manner also hv the fish figures between the four cardinal directions, 
draw the intermediate directions, (5) Draw n circumscribing square by means 


1 Lai* Chhottn Lil's Jyotitfo Ytddntja, p. 12. 

• T About fifi grains tiuy. Fleet quotes another rale whisk gives the anight a* a #n turns f= Itt 

«**&»} sad 4 tong **wn out round or squaw, Bhiakam simply says (£1, SJ il " should have 

„ hots bored to its bottoto." 

* The * fiah figure ’ » tlw wmmoo part ol two totoocctoig cite]**. 
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of the lines going out from the centre: by the digits of its hose lines projected 
upon that is any given shadow reckoned, ((i) The east and west line is railed 
the prime vertical liumn-muntfula ): it is likewise denominated the east and 
west hour circle {unman dala) and the equinoctial circle {vwfotran mundulu). (7) 
Draw likewise an cast and west line through the equinoctial shadow (ru&tuW- 
(Li); the interval between any given shadow and the line of the equinoctial 
shadow Is denominated the measures of the amplitude 1 (figra). ' 

(Hi) Aimiliary Sphere. —The Stirva Siddhnnta (xlil, 1-6 ) gives instructions 
for the making of an elaborate aimitlaTy sphere :— 

fi!) 44 Let the teacher, for the instruction of the pupil ..(H) prepare the wonder 

working fabric of the terrestrial and stellar sphere (M fMu join}. Having huh- 
ioned an earth-globe of wood, of the desired size, (4) fix a s.aff passing through 
the midst of it and protruding at either side for Mere ; and likewise a couple of 
sustaining bands and the equinoctial circle; [5) these are to be made with 
graduated divisions [aSgata) of degrees of the circle {bhagunu}, Further by 
means of the several day*radii, ns adapted to the scale established for those 
other circles, ffi) and by menus of the degrees of declination and latitude marked 
off upon the latter, at their own respective distances in declination, according 
to the declination of Aries, etc., three (?) bands nre to be prepared and fastened : 
these answer also inversely for Cancer, etc. In the same manner, three for 
Libra, etc., answering also inversely for Capricorn, etc. : (8) and situated in the 
southern hemisphere are to be made and fastened to the two bund-supporters. 
Those likewise of the asterisms situated in the southern and northern hemis¬ 
pheres, of Abhijit, {9) of the Seven Sages {Sajilafshvjtw) of A goaty a, of Itrhama, 
etc., are to be fixed. Just in the midst of all the equinoctial band is fixed. 
(10) Above the {joints of intersection of that and the supporting bands are 
the two solstices {ntjana) and the two equinoxes (ru/jwini), From the place 
of the equinox, with the exact number of degrees, as proportioned to the whole 
circle, (11) fix by oblique chorda, the spaces (jfcsktro) of Aries and the rest ; 
and so likewise another band, running obliquely from solstice to solstice. (12) 
and called the circle of declination (Jtran/t): upon t hat the mm constantly revolves 
giving light: the moon and the other planets also by their own nodes, which 
are situated in the ecliptic [apa mnnijalit) (13) being drawn away from it. are 
beheld at the limit of their removal in latitude (tnisfcepa) from the corresponding 
point of declination. The orient ecliptic point (hiyita) is that of the orient 
horizon: the accident point (datamgndUat) is similarly determined, (14) The 
meridian ecliptic point {madhfatna) is as calculated by the equivalents in right 
ascension (fanJfafrrydx), for mid heaven (hamadhya) above. The Bine which is 
between the meridian and the horizon (feJriltfa) is styled the day measure fanlya), 
(15) sud the sine of the sun’s aaccnaionat distance (eWoioIa) is to be recognised 
as the interval between the equator and the liotaon. Having turned upward 
one’s own place, the circle of the horizon Is midway of the sphere, (16) An 
covered with a casing («o*fra) and as Left uncovered, it is the sphere aurrounded 
bv T-r.t-n 1 .iW By the application of water is made ascertainment of the revolu 
tiou of time. (17) One may construct a sphere instrument; combined with 
quicksilver; this b a mystery, if plainly described it would be generally intel- 


* Distance of the ran at d-»"£ or setting from east or went point of the Imrizcn 
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ligible to the world. ( 18 ) Therefore let tbe supreme sphere be rmnstnieted accord¬ 
ing to tbe instruction of the preceptor. In with successive a<re, this ctmstruc¬ 
tion* having become lost, (lfl) is by the aim's favour Again revealed to some 
one or other nt bis pleasures.'' 

(iv) Other Instremieiitj—'* So slso," the test continues. 11 one should construct instruments 
{tfantrug) for the ascertainment of lime. (26) When quite alone one should apply 
quicksilver to the wonder enurin' [nitrument. * 1 By the gnomon {sanfat), staff 
[ywhti’t arc fiAun w ?),circle(r hnkra), instruments for taking tbe shadow of various 

kinds .(21). By water instruments, tbe hemisphere (iipjfa), etc., by the 

peacock, mail, monkey, and by stringrd aatid receptacles, one may determine time 
accurately ( 22 ). quicksilver-holes, water, and cords, ropes and oil aid water, 
mercury, and sand are used in th r f?e: the&f applications ton are difficult .. ........ 

( 241 . So also a dial {naraytintra) is good ind ivtime and when the sun is clear. ” 
Such is the orthodox Hindu text relating to instruments. Nothing of material 
value appears to have been added to these instructions until the methods of the Yuvanas 
were introduced by Mahendra Kurt and others; hut Blifmkara (Siddhanta Stro- 
mani XI, 16 ) claims to have invented an instrument- called Phalaka Yantra- 
w'hich he savs is an “ excellent instrument, calculated to remove always the 
darkness of ignorance and is the delight of clever astronomers.'’ This instru¬ 
ment is simply a board divided by horizontals into 90 equal parts. At the 
centre of the 30th graduation from the top a pin or style is placed perpendicular 
to the board and round it a circle is* drawn of radms=-3P divisions, which is 
graduated in ghatis and degrees, and attached to the pin is an index arm 
(pattika). The instrument is suspended by a chain and is used for observationnl 
purposes. It is in fact part of a very simple astrolabe. Bhaskara did not 
seem very phased with bis instrument for he concludes (XI, 40) by saying 
“ gut what does a man of genius want with instruments about which numerous 
works have treated ? I^et him only take a staff in his hand, arid look at any 
object along it, casting his eye from its end to the top. There is nothing of 
which he will not then tell its altitude, dimensions, etc.” This sums up very 
well indeed the attitude of Hindu astronomers. 

Muslim Astronomy*. 

74 , Tbe Muslim astronomers frankly acknowledged their indebtedness to 
Greek writers. Indeed they were to some extent the direct successors of the 
Greeks in intellectual matters and the historical problems of their astronomy 
are much less complicated than is the case with the Hindus. In tbe middle 
ages they were the foremost astronomers of the world. They accepted the 
fundamental features of the Ptolemaic system of tbe universe. They were aware 
of the precession of the equinoxes mid discovered the slight movement of the 
apogee of the sun and also they perceived the variation in the obliquity of 
the ecliptic. They discussed the possibility of the earth revolving on its own 

Axis but generally rejeeted the theory. 

t Sec th* SMhAHia tmm >fp< S* K4L Th* inalnimwt uppraus to baa. [x-rpvtual motion mncbum 
whwh rensiww ol * whrel with hollow (TUtrigvtitiul] spoke* whkh aw filJid with nm-remy, “Thi* wheat 
u U> filled will- whtn placed on mi a±L» iiifijKMled by two reTolvc o| itFclf," This is an old friund. 

i tom pan- tho * Tl. Juliet- Kberaji* uu Ftaalie' ilnjcr'bwl by Dubmhro djfro* osuc rfu Aloys n Ag c. p. 51J. 
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They fully realised the necessity for methodical observation and in prac¬ 
tical astronomy they excelled the Hindus and Europeans of their time . * 1 The 
first series of regular observations with (he aid of fairly accurate instruments 
appears to have been made at Uondeshapiir in the south-west of Persia in the 
first years of the ninth century of our era. During the Cali Rate of ul-Ma'mtn 
{A.D. Si 3 — 833) at the observatory at Baghdad all the fundamental elements 
of the Almagest were verified—the obliquity of the ecliptic, the precession of 
the equinoxes, the length of the solar year, etc. A measurement of an arc 
of the meridian in the region of Palmyra was also carried out during the same 
period, and similar observations continued to be made throughout the Muslim 
world until the middle of the fifteenth century. The observatory at Cairo was 
founded in the tenth century, end the observations there were recorded in the 
1 Hatimid Tables 1 (al-zij al-Hakimi), In Persia an observatory was founded in 
A.D. 1074 at Naisabur and there in A.D, 1118 al-Khjmm complied his * SSanjnrio 
Tables’ {(tl-zij al-Srnjari). In 1259 a great observatory was founded nt Maragha 
in North-West. Persia and them NasTr ul-Dlu-TusT (mentioned by Jai Singh) 
published his famous ‘ 1 1 kh aide Tables/ 

With Hugh Beg, the grandson of Tamerlane, the study of scientific astro- 
uneqv throughout the Islamic world ceased. He founded a large observatory at 
Sainarrffmd to which he summoned such renowned astronomers as .lamshid 
al-Kfishi (mentioned by Jai Singh), Kutli Za.de, obRCLmi, ‘All at-Kusji, and 
others. He undertook a complete revision of the catalogue of the stars — based 
upon direct observation—and himself wrote a preface to the tables a few months 
before he perished by an assassin's hand. Jai Singh professedly followed Ulugh 
Beg in liis astronomical work. 

The names of many Muslim astronomers of the middle ages such as I bn 
Sma or Avicenna, al-Blrum, Omar Knkijiiim and A verruca are familiar to everybody. 

75 , The practical view taken by the Muslim astronomers led to attempts 
to improve the instruments in use and to the design of others. 

The Maragha instruments. 

A brief description of the instruments used by Nasr al-Bln al-Tusi at the 
observatory at MarSgha is available* The theory of these instruments was 
probably known to Jai Singh (see p. 4.). 

The Maragha instruments were— 

( 1 ) A quadrant or mural circle constructed of wood, the radius of which 
was about U feet. The arc was of copper, 3 inches wide, and 
was graduated. At the centre was a copper pin round which the 
alhidade (furnished with two sights) turned. The ulhidade termi¬ 
nated in a point and was moved by a cord passing over a pulley 
attached to the wall. 

* It is related that the works td Atyublui(a and Bmliiiifigiiptii ttore introduced Into Baghdad la 
Lb- ninth cculury o! uur cm t and thut tlipw worsu pnFPihly hud mm® infioenen in dlnttiting tlw. m- 
tific <tndy uf astronomy h j tbu Aruba ; bat tins 1 * of tba Arab astronomy is entirely diffrminfc fi*<m 

i ba t o| the HindiL 

■ Fqt m uccunnt narlier inBtriuucnifl sec a!-Banini ftjhu twtronotnitum distil Ed. f\ A- Kajfinn. 
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im An aruiiUnry sphere of five circles, viz., the ecliptic, colure, great 

circle of latitude* * the meridian and the small circle of latitude. 
The ecliptic, meridian and small circle of latitude were graduated 

d oWI > to minutes and the last mentioned was furnished with an 

: i 111 id ad e or sigh ter, A sighting tube appears to have been used 

on the alhidude (see figure 68). # 

(3) A meridian circle of about 11 feet in diameter furnished with an 

alhidude. 

(4) An equatorial circle fixed in the meridian. 

(5} An instrument, for measuring the diameter of the sun or moon. This 
consisted of two sights fixed on a bar. The objective was pierced 
with a comparatively large hole and was moveable along the bar 
over appropriate* graduations. Special discs (like ctmera steps) were 
used with the objective, 

ffjj The instrument of two pillars* At tLc centra of u iir .ijpilul 
hv two pillars a pin was fixed, round which revolved an albitkde 
or si'liter 12 feet long. Vertically beneath this pin was another 
to which was fastened a graduated bar 17 A feet long and along this 
bar the end of the Fighter was free to run. This appear to have 
been a modification Ptolemy s parallactic rulers. 

(7) A large azimuth circle fixed on a pillar traversed by two diameters 
directed to the four points of the compass. At the centre were fixed 
two vertical quadrants furnished with nlimkdea so that l he alti¬ 
tudes and azimuths of two stare could be taken simultaneously. 8 

($) Sms and Azimuth instrument—An azimuth circle similar to the pre¬ 
ceding but in place of the vertical quadrants were two bars moving 
in a groove and supported by two ether bars perpendicular to 

them. 

(B) Similar to No. « but with the bars horizontal for measuring azimuths. 

The notion of increasing the size of the instrument as far as possible has 
already been referred to (page 35). It is perhaps to AbudWefa that we owe 
norite of the immense instrument* which the Arab works mention. With a 
quadrant of over 20 feet radius the obliquity of the ecliptic was observed in 
A.LXmt5. The sextant of Abu M. al-Khojeudi (C. A.D. 0R2) was of nearly sixty 
feet radius. In the tenth century the aperture dial was used and Nusir-al-Din, 
f.v utilising n hole in the dome of a large building, obtained excellent results. 
According to Greaves the quadrat used by Ulugh Beg was 180 feet high.* 

The astrolabe/ the theory of which was due to Ptolemy, was improved 
bv the Muslims almost, to perfection and many of these instrument.-' wore so 

, - 0 ,,, p^hlaUHllmf. UKNW«n» tbf ehriM. oi thr urR, u U U W« luinA o»l«r to 

■1 H'd' 'In ILlii thiitl nil ore. 15* IfiqH-'-nm oontimlnrt tn l*t tb“" fwaurit*' tmtniTiHint down lu llio Ufld of the 
*i» ( „nth remtury.** fUfUTO, n S32) TM* » tb. «t Sh w' numtinnal by Jat Singh png. 12). 

1 V>i. 7 »r«! S nn* inteniting to iu m b^tng tb'- miw ■** pttodpl* *,< lIll> Si7m I »*j™ [mw [uijb Jfi, 

* Tim fftowAfam « 5 ff)«Oft iff 4UI nppitnr* dial of Uiii itin.iL 

1 &•* L. F. K. A. S&Uibt, Prof, Tnk Art r. Rqj. f p. Ins, Krtil, euix. 

* j *t i« the lint ttttullib* or vLtnJohiuMt fJanitjJiivrhm. 
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beautifully made as to become valuable works of art us well as efficient calcu¬ 
lating machines and useful instruments ol observation. As a portable instru¬ 
ment" of observation it was only superseded about A.D. 1731 by Hadley’s quad¬ 
rant : for purposes of astrological calculations tlie astrolabe is still in use in 
the East. The flat astrolabe has already been described in some detail, as also 
has al-Zarqfili’a modification of it and nl-Birflm’s invention has also been referred 
to (p. 37}. There is also the linear astrolabe or * am l Tuti (the red of 
al Tibi}, 1 called yashti by the Hindus. Great ingenuity was exercised in devising 
improvements and variations of the astrolabe and there are numerous Arabic and 
Persian works describing the theory and construction of the instrument. The 
term al-Asturlabi as a name suffix was not at all uncommon.* 


European Astronomy. 

70, In Europe, after the death of Ptolemy in the second century of our 
era. very little advance was made for a thousand years. The Christian church 
often opposed scientific enlightenment and sometimes persecuted those who sought 
it ; and the patriotic writings contain the grossest of astronomical absurdities. 

But about the thirteenth century sounder opinions began to prevail oud 
in the early part of the sixteenth century Copernicus wrote his Be Revolutionibiw 
Orbium Caleahm. Tycho Brahe, Kepler and Galilei preceded .Jai Singh by about 
a century. Greenwich observatory was founded some forty years before that at 
Delhi. Newton’s Principia was written at the time of Jai Singh’s birth ; Huygens 
died a few years later ; Flamsteed's catalogue of stars was first printed in 1088 ; 
Halley in 1705 predicted the return of the comet named after him; the aber¬ 
ration of light was discovered in 1727. .Jai Singh succeeded to the Amber 
territory in 1009 and the Delhi observatory was built about 1724. 

77. The European instruments at the beginning of the seventeenth century 
were in principle much the same as those used by the Greeks and Arabs. Tycho 
Brahe* (1540-1 GO 1) had several sextants and quadrants, a parallaetieum (*ee 
p 82), mid armillary circles; He velius (1011-1687) had a somewhat smaller battery 
of similar instruments j and Flamsteed (1640-1720) used a quadrant of 3 feet, 

and a sextant of 6 feet radius. % 

The telescope was used for the general observation of heavenly bodies in 
100!) by Galilei and telescopic sights were first systematically used about A.D. 
1067, Gascoigne was probably the first (cirni A.D, I04O) to introduce these 
and he also invented a micrometer. Some twenty years later Huygens devised, 
independently, the same contrivance. Hevefitts introduced the vernier and tangent 
screw; Flamsteed used cross wares in the eye pieces of his sight era ; Galilei 
Had used a pendulum for short time measurements ; Huygens devised a pendu¬ 
lum clock (1050) and Jean Picard (1020-1082) introduced regular time obser- 

1 See Jourwd mrtfllwflif fl 1 Scr 404^* etc. 

* E-P, *ASi fa. ‘ina ni-AswlabL (Bth century)* X® 

BJMtiJm ti. it^Mnin bl Aflturlr^i (ili*4 A.D. 

* s™ DaETfiH T s Bnth* *ii. - Ji¬ 
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rations at the new observatory at Paris. 1 J. D. Cassini (1625-1712), it is stated, 
devised schemas (never realised) for the construction of gigantic instruments.* 

78. The Hindus, Arabs and Europeans all derived the fundamentals of 
their astronomical science from the Greeks. It was the Hindus who first pro¬ 
fited by Greek experience, then the Arabs and lastly the Europeans. The 
lust indeed obtained their knowledge of Greek astronomy primarily through the Arabs. 

The following chronological scheme exhibits fairly well the relationship 
between the three schools:— 


HUStT.Wi 
A *trniHUDJ. 



s Ail eiwlli’iiti id though all too brief, account ol Europe! an intircuif nts is giran In the History 
ArtTQrttm'/ by G* Fotb«* whllti Dfryur's T^rho Brahe ia tba only udequain account of aipd^TikE *vt ronum j 
Uti-j intbo Eiigliah language 

* A- Iferny —A Ehvrt Hi&lQty &f Astronomy, p, 160* 
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When we examine carefully the methods of the several schools we find 
somewhat marked differences. Even among the Greek astronomers (e.g., Ptolemy 
himself) there was a distinct tendency to work on the observations recorded 
by their predecessors and in the later Greek schools there was a consequent 
neglect of observational astronomy. With the Hindus this tendency was em¬ 
phasised to a remarkable extent and practical work was neglected almost com¬ 
pletely. The instruments they describe are either for purposes of what may 
be termed theoretical calculations or for purposes of demonstration (see page 
78). They built no observatories and. they made no systematic records of 
observations. 

The Arabs and other Muslim astronomers took an entirely different line. 
They recognised the value of practical observation ; but they hardly suspected 
the need for a re-examination of the Greek theories. They built observatories 
and devised improvements in the instruments and set about verifying and cor¬ 
recting Ptolemy's elements. 

The European astronomers were perhaps not quite so bound by tradition 
as were the Hindus and the Arabs. The death of the Ptolematic theory and 
the invention of the telescope gave u great impetus to research and the Euro¬ 
pean astronomers largely discarded the methods of their predecessors. They 
recognised the inevitability of observational error and devised means to counter¬ 
act it; they were forced to consider as of great importance facility of obser¬ 
vation and gradually they devised instruments of types unimaginable to their 
Arabic teachers. 



Chapter SUL—THE EVOLUTION 1 OF JAI SINGH'S INSTItOIENTS. 


70, The history of the evolution of Jai Singh’s astronomical instruments 
would, if it could be recorded step by step, be of great interest \ but detailed 
descriptions of the larger Arabic instruments are not generally available and 
we must lor the present be content with general indications of the lines of 
development. Generally speaking Jai Singh's instruments are copies of or direct 
developments from those used by Ulugh Beg and his predecessors and suc¬ 
cessors. The Hat astrolabe played an important part. Jai Singh's first attempt 
at improvement was apparently the construction of huge astrolabes such as 
those shown in figures 28 and 2 ft and the construction of large graduated circles. 
Ho had some excellent Arabic and Persian models (figures 5 — 20 ) but the metal 
instruments he had constructed do not appear to be of that fine workmanship 
that adds so much to the value of runny of the mediaeval astrolabes. As far ns 
can lie gathered Jai Singh did not use the ordinary sextant and quadrant instruments 
such as were used by Nusir al-Din Tusi, Tycho Brahe, Flamsteed and others. 

It has been related how he discarded brass instruments and pinned his 
faith on large immoveable masonry instruments; and same of these he claims 
to have devised himself. As already has been pointed out (pages i 2 , 13) the 
basic idea was not pt-culinr to Jai Singh. The Arab, Persian and Tartar astro¬ 
nomers had constructed huge instruments ; and they bad formulated the notion 
that the only bar to accuracy of observation was the limit imposed by cir¬ 
cumstances i<n the size of the instrument]!.. Jai Singh was prepared to cr.rry 

out the idea on which this proposition is based to, what he thought, a 

reasonable extent, 

80. The bases of the designs of the particular instruments are always obvi¬ 
ous but Jai Singh showed very considerable ingenuity in the actual construc¬ 
tions. The Jai PrakJls is practically the hemisphere of Bernsus somewhat ela¬ 
borated and the Sumrfit Yaiitrn may also be considered as evolved from that 
instrument.. This only means, however, that the dial of Berosus was of a 

very general nature, Jt consisted of a hemispherical bowl placed with its rim 
horizontal and in the centre and the same plane its the horizontal edge was 
fixed a bead whose shadow on the concave surface of the hemisphere marked 
the trace of the sun s diurnal path. The resemblance to the Jai Prakas is 
striking enough but it is doubtful whether Jai Singh had any knowledge of 
the earlier instrument : he could only have lenrnt of it from the Muslim as¬ 
tronomers (e. 0 ., al-Bnttlm who refers to the principle of (he instrument). The 
Jai PrakaA however, is something more than the bowl of Berosua for it is 
fully graduated and appears to have I een based Upon the Muslim instrument 
known ns al-MtLsdtarqJi, descriptions of which are found in the works of the 
Muslim astronomers , 1 

* .-<■!■ L A. SM Hot' = J tfifflivf nr Ui itutnwuiitt a*HWH<m I’fUrf if* Ambt*, p. lolf-. also a dff.rijptlun bjr 
iil-Jl.irjrncll i nt'D 1’E a Art of Dfaffinf, IflIW, One section of Dlnmvc’i iKMk ia — "How to malt 4 

J aJI q.i a toncaTo hamisphcire of a globe two sarerfall wain*," ood the seruml wny is (Jurt at tlie Jnt fruit 
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The Samrat Yantra might be considered as a section in the plane of the 
equatOT of the hemisphere of Bercstis and with the bead extended into a line 
parallel to the axis ; but so could any dial bo referred to tbe same origin. 
In tbe British Museum are many dials of the seventeenth and. early 

eighteenth centuries constructed exactly on l he same principle as the SamrSt.' 
The Samrat instrument is an equal hour instrument or equinoctial as such 
instruments are often called. The evolution of the equal hour instrument is of 
considerable interest. Ill early instruments the time from sunrise to sunset is 
divided into 12 equal portions. These portions of time vary in length from 
one-twelfth of the longest day to one-twelfth of the shortest day. They were 
therefore called unequal hours, also temporal hours and planetary hours {see 
page 22). Of these varying hours naturally the equinoctial hours were the 
mean and on the introduction of mechanical clocks the equinoctial hour became 
the standard for Rim-time measurements. According to Delambre, Abdul Hhasan 
(a!-H asan b. 'All b, 'Omar al-Marrakbshi, Abu *Ali) was the first to introduce the con¬ 
stant hour notion among the Muslims; Smt ho seems to have employed, in 

the usual manner, the horizontal plane for the shadow traces, while Jai bingh s 
nstrument receives the shadew of the inclined gnomon on a circular arc lying 
n the plane of the equator and thereby secures in the simplest manner equal 
hours throughout the year. The direct origin, of the tangential scales on the 
gnomon for measuring the declination of the sun is not known; although Ibti 

Yunus atid other Muslim writers of astronomy had worked out the theory. 

Hindu astronomers did not employ tangent scales and refer to no other dial 
than the vertical gnomon and to no other dial measurements than the length 
of the shadow. They made no direct, angular measurements and an angular 
dial would have been almost contrary to the spirit of their teaching* The 
only other instruments that can be attributed to Jai Singh's genius are the 
Digamaa Yantra and Earn Yantra but these are simply enlargements in masonry - 
work of the azimuth and combined azimuth and altitude, instruments of the 
Muslims. 

An indicator of the course of evolution of Jai Singh’s instruments is still 
t ( j tip S fipn at Benares cn the instrument known as the Chakra Yantra. The 
wedge {jaras or 4 horse ! ) which fastens the parts of this instrument together 
is of the traditional Arabic design. 


* ii poo ct dial inn>1 1 ■ hv Elks Allen about A.D. 1120: j, more da Wal u dial inmitm] by John Paul 
Kmuji and i-!irr*r*d by T. G. Gut*e!»; um-Vy BncsfuiaS at Angahurn, J7.h cuntniys >m- by Lament Grsisal 
iif Aug^btr^; elfl.. Lid?* 

1 Iniliml they wmrkttd out the <?om j i-Et t« tb^ry of llit horiiontal P Tnertkiij* inclined, Bylin driest and 
CCitLH-a] dialP, ute, 

* Tbits U a comma point in the hktnfy of mohiiwl The Hindu h daomod to avoid direct angular 

mMtttonutnfci. Their mntfafUDtHna warta eontwn nrs theorems or ruk» relating to Wight* [me my h\dirm 
Maihtmatite, page 20). Whitney wrote ([flge 2SG) : Lest it Btmngi? ch^r the Hindu* «h-.aki hnvn 

dtuhnrd Irani abroad the cinmo fiom y»wis } for so familiar and domeft qnantity an angle, 

WC nouM d 5 reel ftlfentiun to the rtriking tjict that in that maj£u of their mJithemuilLLaf scLnnce, at i-.-nt 
whleh k reprawntad by tbe Sutijti Siddhunia, tht-y ftppoar to have mad? no nee what *tot in their caJcidAti*o* 
<jf the angle. 1 * 






Chapteu XIV.—CONCLUSION. 


81. A considerable amount of evidence showing the relationship between 
Jai Singh s astronomical work and that of his predecessors and contemporaries 
has been recorded. Lot us recapitulate. 

The names of the early astronomers and mathematicians referred to in 
works attributed to Jni Singh are : — 


Euclid * * . * 

a Circa . 

B.C, 

200 

ICpparttitu 

* i+ 

M 

130 

Ptolemy *.*.-*. 



150 

At darrabtnAn b. ‘Om&i aho'l-Hdaiin al-isiifT , 

. Died. 

M 

98(1 

Jlaafr nl Din nl-Turi . > 

. Born. 

TV 

1201 

’ Ati b. Muhatiuruid nl-fthd al-Sharif 


If 

1339 — 1414 

Jnmshid b Men ‘iid J.jnt al-Biu al-Kiishi 

. Circa . 

t* 

1140 

Ilflgh Beg. 

. Died. 

if 

1440 

Maulnnii Chand .. 


« 
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Of those who came actually into personal contact with Jai Singh the follow 
ing have been mentioned: Jaggsnath, Muhammad Sharif, Muhammad Mahdi, 
Padre Manuel Figueredo, Father Andre Strobel and his companion, Father Claude 
Boudier and t>on Pedro de Sylva. 

Wo know that .Jni .Singh possessed at least some of works of Ptolemy, 
Ulugh Peg. P- de la Hire, J. Flamsteed, and also certain European astrono¬ 
mical tables and mathematical text-books. He had Ptolemy’s Almagest 
translated into Sanskrit, and a text on the astrolabe compiled, and he 
brought up to date Ulugh Beg’s celebrated catalogue of stars. The instruments 
themselves are evolved from (he types used by the Muslims and Jai Singh’s 
inspiration was avowedly of Muslim origin. 

82. The actual points of contact between Jai Singh's astronomical work 
and that of bis predecessors and contemporaries have been generally indicated- 
Jni Singh himself was a Hindu and had Hindu assistants, the most notable being 
JaggaTiutk, who, however, it seems was employed because of his knowledge of 
Arabic—a somewhat unusual qualification among the Pandits of the day. 1 
He refers to one Hindu astronomer by name (see page 11) who was, however, 
renowned because of Ids knowledge of Greek methods. Jai Singh was, no doubt^ 
well acquainted with the works of the Hindu astronomers but he docs not seem 
to have made much direct use of them, 

Jai Singh had certain Muhammadan assistants (see pago 5), he was ac¬ 
quainted with the chief astronomical works of the Muslims, lie brought one of 
their star catalogues up to dat e , and lie copied the instruments of the observatory 

* Them i« A talfi that Jai Smgfe wu mprottcliwl with tho that ttl P PandJt,, ^ pre W**J 

!'■ KT'-.t knming, wem -ntirnly ignumnl of Arabic itahaloniiiip and he fmxhicet! .Tagganitb, CT ‘|,.. ttaoji- 
t n t.^L from the Arahte the r*-a grout works-Undid 1 * EUmtnl* wd Ffninflj'i dtnu^t fen Svdhtknn 

I/VlTOill d pH 10- L 
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at] Samarqand. His masonry instruments were designed after the notions taught 
by tbe Muslim astronomers (j age 13) and had absolutely nothing in common 
with, those described in Hindu works. 

Tbe contact with European astronomical knowledge may not have been 
really close but it was very definite. .fai Singh sent osTtain of bis assistants to 
Europe to get books aud information; he invited European priests to visit 
him, and lie obtained European tables. There is evidence, however, that bis 
contact with European knowledge was more formal than intimate. 

S3. We may leave out for the moment the question of European influence, 
aa Jai Singh was really only on the border line of that influence, and consider 
the Hindu and Arabic schools. The characteristic difference between these is 
connected with practical work. The Hindus were practical astronomers only 
in so far as they could calculate from a given starting point with given rules 
the positions of the planets, eclipses, etc., with some accuracy. This of course 
implies a very considerable amount of knowledge and skill; but (he Hindus 
had no instruments of precision of their own before Jai Singh's time ; neither 
were they interested in making practical observations of the heavenly bodies. 
Their rules and the elements given in their approved works sufficed them. 
The standpoint of the Arabs was entirely different: 1 they were particularly 
interested in the verification and correction of previously recorded results. They 
built what were then the finest observatories in the world and they perfected 
the astrolabe to an extraordinary degree. 

The difference between the two schools b too well known to need elabo¬ 
ration ; and the category into which Jai SmgVs work places itself is perfectly 
clearly indicated; and the hypothesis that be received his main astronomical 
inspiration from Hindu tradition is completely eliminated. He followed “ the 
martyr prince, Mina Ulugh Beg f ' of Satnaxqand, Since both the Hindus and 
Arabs obtained their astronomy from the Greeks they have much in common 
but the work of Jai Singh was exactly of that nature which differentiates 
between the two schools; and what the Muslim astronomers had and what 
Hindus lacked attracted Jai Singh. In his work there is no point of contact 
with Hindu astronomy that did not also touch the work of the Muslims while 
on the other hand there aie many points of contact between his work and Muslim 
astronomy that arc remote from the teaching of the Hindu schools. 

Jai Singh’s apparent indifference to European achievements is rather re¬ 
markable ; but it must be borne in mind that he very probably only became 
acquainted with their results after he had conceited and partially curried out 
his scheme of astronomical research. His tables, it is supposed, were completed 
about A.D. 1723, and the observatory at Delhi had 1 ceil built a few years 
previously. It was in 1723 or 1729 that .Tai Singh sent Padre Manuel and 
others to Europe and in 173-1 he was visited bv father Bomber and his com¬ 
panion. These dates might be considered sufficient tu account for Jai Singh's 
neglect of ihe European discoveries but there is possibly another explanation. 

1 Tbe dilffljentijfciimi between the two aehoolB nifty tm ts ro mu duo lo thu calendar adopted 

rtJigimift purposed 
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Galilei died ft prisoner of the Inquisition in 1642, anti his book3 were not 
removed from the Index until A.D. J835 : Jai Singh’s European advisers appear 
to have been chiefly priests, who, if they were good Catholics* would, at that time, 
have hardly upheld the teaching of Copernicus, Kepler and Galilei! More 
recen* European discoveries might thus have been discredited in Jai Singh's 
eves, and he would, at an}' rate, have found it difficult to reconcile the persecution 
by authority on the one side with the churn to brilliant; scientific discoveries on 
the other. 

84. Jai Singh began his work at a time when European astronomers had 
arrived at what may be termed the modem conception of the universe. The 
discoveries of Copernicus, Kepler, Oalitei and Newton had been accepted and 
scientists were settling down to work out in detail the results of their dis¬ 
coveries. Flamsteed’s great catnlope was completed just as Jai Singh began 
his work. But Jai Singh was not in dose contact with European ideas and 
Ids first astronomical education was probably the study of the work of the 
Muslim astronomers, particularly Ulugh Beg. In the special circumstances of 
his experience it is not surprising that Jai Singh refused to follow the lines 
of research indicated by the European astronomers. Had lie done so, his power 
and his wealth might have enabled him to alter the whole condition of Indian 
scientific scholarship and, instead of his labours ending with hia death when 
“ science expired on his funeral pyre,’ 1 there might have been established a 
living school of research. The troubled condition of the country, and the general 
state of civilization in it, were antagonistic to the progress of science and Jai 
Singh’s work is now only a tradition and his observatories aTe archeological 
remain*. 

'[’hat, ,hii Singh made no new astronomical discoveries is hardly a fair criterion 
of the value of his work \ for, indeed, a great deal of the most valuable as¬ 
tronomical work is not concerned with new discoveries. His avowed object 
was the rectification of the calendar, the prediction of eclipses and so on —- 
work which entails a great deal of labour and generally shows no remarkable 
achievement. Considering the state of the country in which Jai Singh lived, the 

political anarchy of hi* time, the ignorance of his contemporaries and the difficulties 
in the way of transmission of knowledge, his scheme of astronomical work was 
a notable one and his observatories still form noble monuments of a remarkable 
personality. 

* Condemn lion ot I he correct n- rfclng tra* ruA eimiimsd w the Human CUtholio CLun;!} Sue x>e JtoauAjt'a 
A J?n itffl r>/ ^awrfiP:^, to w3i h MIeih jo in wuKlh opfMirljj ibo - NswlcitUan ttutiarj 4 aaj qDtited. 
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A l. extracts from tie Jaipur catalogue. 
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A 1 . EXTRACTS FROM THE JAIPUR CATALOGUE— Concluded. 
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The above extracts (Al) show the form of the Jaipur catalogue but omit two columns 
headed respectively Pafsi Sum and ffhhlu Stint, as these two col umn s are mostly 
blank [see figures 1 and 4j. The essential parts of the catalogue, which are given below 
(Appendix Al‘l), ate the longitudes, latitudes and magnitudes, the other columns 
consisting only of derived elements. The verbal descriptions of the stars are simply 
translations from Hugh Beg* Catalogue and the luune.s of the constellations ami stars, 
when given, are mostly transliterations or translations of western names, e.g. Sarpa 
(Draco), Kaika-as (Cepheus), Silayak (Lyra, Ar. Sluli jik), Yarfeva (Perseus), 
Dalpliama (Delphinus), Trikona (Triangulum), Javvara (Orion, Ar. Jauza), Kailua 
(Cetus), Hoots (Navia), Muchchhi Yanuvi (Pack Australia), Asvu muklm (Fam 
al-Fanis), Makara Puchchha (Danab al-Jadi), lkllla (Corona Borealis. Ar. aldklil), Jit 
ul-Kuraai (Cassiopeia, Ar. ZuLI: a 1-Kurd), Arnava (Lepus), etc., etc. For the unckssed 
stars (informatte) the expression Khdriju (Ar. Kharij) strati (Ar. Surat) is used. 
The term tpichchha (' a cluster ’) is employed to denote a nebula. 

In the following table (A 1*1) an asterisk * indicates that there is a discrepancy 
between Jai Singh’s values and those in Daily’s version of Ulugh Beg's Catalogue 
(Memoirs of the Royal Astronomical Society, 2843). In the case of the longitudes any 
difference noted is between Jai Singh’s figures and Baily’s with 4° 8’ added, this being 
the amount of precession that had accumulated between the period* of the two catalogues 
(see page 8). 

A table (A 12) of differences is added. These are mostly small and do not amount 
to two per cent, of the whole, and many are obviously copying mistakes. 1 There are 
indications that the >18. was copied from another Devanlgari MB., which, in its turn, 
was copied from one in Persian script. There are numerous examples of what appear 
to be the result of confusion between the ahjad symbols (ace page 133) for 3 and 8, 4 and 
7. tens and thirties, tens and fifties, which confusion is caused by the omission of the dots 
in the MSS. There are also apparent examples of confusion between the Devanitgari 
symbols for one and two. Numbers 360 and 301 appear to have been interchanged : 
in 683 Jai Singh’s latitude k right, for Baily’s value is an emendation. Number 1008 in 
Baily is omitted (see Baily’s note) and the numbers 1009-1010 in Baily correspond to 
Jai Singh's numbers 1008-1018. 

1 T5l> ** ft S«k 1 ant>: iLnt m it i« feeble nnd w M evid'Mly dune with civttl It is vHtn-n on cvuntTv 

P jvr 8 3x 12 inched in Dev.uiag^p ehrjwrtMS. The mpj wi ia mack- m SamTjt IL1P04. 
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A. l'l. The Jaipur Catalogue — Longitudes, Latitudes and Magnitudes. 
(This is Ulugh Beg’s Catalogue with 4 3 8' added to the longitudes.)_ 
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* 1-3 

406 

IS 

* ■ 


5 13 23 

+ 11 50 

4 24 30 

+ tl SO 

IS 53 

0 

/J Ltoflia * 

♦ 2-2 

4HG 

10 

i ■ 


3 27 S3 

— 14 50 

5 13 3*3 

—14 50 

14 3* 

0 

y Cam + 

. 2-8 

028 

2D 

Cbitii * 

ft 

0 15 33 

—£ 0 

5 20 40 

—2 0 

IS 53 

0 

a Virginia 

, 12 

GOT 

21 

Sviti * 

■ft 

fi 15 53 

+31 30 

5 27 0 

+ 31 SO 

IS 53 

0 

a Boutb * 

, 02 

11» 

22 

ViMkhA 

ft 

| 7 3 33 

+44 30 

fl 14 40 

+ 14 30 

IS 33 

0 

a Carom Ikrpn-lu 23 

in 

23 

Jypflhthd 

■ft 

a 1 33 

—4 0 

7 12 49 

—4 0 

IS S3 

0 

a SwiTpfi + 

. I J 2 

M0 

24 

AL tb* MJgt- o£ 

8 13 43 

+30 0 

7 2 4 50 

+50 0 

IS 53 

0 

a Opliinci 

. 2+ 

£32 

25 

UtiiniU'i. 

Mai* . 


8 £0 3 

—13 m 

i no 

—13 f& 

IS 53 

rr g* 

y Talt^ccfiii 

. m. 

G04 

2C 

■ ■ 


8 2 5 34 

+2 so 

8 0 40 

+2 50 

IS 54* 

0 

^L S&citarii 

. 3*8 

tS7l 

27 

_A bhij.lt 

ft 

a 0 IS 

+02 o 

8 17 20 

+ 02 0 

IS 53 

0 

<1 Lyras * 

. 014 

148 

28 

ft ■ 


U 22 43 

+ 20 10 

9 3 50 

j +29 10 

13 33 

0 

a Aqllilis f 

* QU 

280 

+-* 

m •» 


ID 35 53 

—23 0 

10 7 0 

—23 0 

.13 03 

0 1 

a Fte- 

, 1-3 

007 

30 

ft ft. 


ID 23 3 

+00 0 

L0 0 10 

+ 00 a 

14' 53 

0 

a Cygnt h 

# 171 

m 

31 

#* 


II 21 3 

+ 31 0 

U 2 10 

+y a 

IS 53 

0 

j8 i’egnsi . 

♦ 2*0 

310 

32 

■> t 


It S3 13 

-a 40 

11 4 40 

40 

jlS S3 

0 

t Grti 

* 3*7 

720 


* St*> the uitmwtiug naif in Peti'ra *nrt Knnbrl 1 , Wot Oil., p. I Jtt. Tin* MMidingn for Ji.ngiiudi' vary, 
i Th» tendipfia vttry. » Some nutboritirt (jive —20" 23, Lot Bally give* —23* 0, Sou i tA. Cat. p, JI3, 
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A 3. THE stay a stdbhahta star ust. 
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B Virginia 
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8 15 NL 
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8 K X. 
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12 10 8, 
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176 48 

2 45 X 

178 12 

1 45 X, 



ft Virgin 1 ■- 
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The ZabqIlI Instrument. 



APFaointATk POflmoM os tile 

FoaiTias accoeuixb to Flv>hteed, 

Natnea of Stars- 

it. a. 

Lteclsiu 

Lutijj. 

Lab 

R A. 

UecliiL 

long* 

LaU 


£P 

9 

S * 


□ » 

o a 

S * * 
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llhftlutb aJ-Q4un (jl CetiJ * 
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—20 

11 271 

—22 

7 0 

—10 41 

11 28 13 

20 24 
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38 


0 291 

—20 

3a n 

—13 13 

0 29 O 

—20 0 

Fani nl^itiy (a Gotl, 
Ah'idvTj* 

371 

+2 

1 fi 

—13 

41 32 

+2 50 

i o m 

—12 37 

Rijl aFjtijA jiI-Ywsri (0 
Oliqiiis, 

7ft 

i 

2 12* 

— *14 

74 53 

—S 30 

2 12 30 

-21 10 

Farad al-Sliaj a* (* H^drtPj, 

137 J 

-71 

4 22J 

—22J 

133 5 

—7 20 

4 22 38 

—22 25 

R5ji hJ-AhjlcI ijjL U-'-mLfj . 

]*2 

+2S 

4 !5| 

+ 12 

143 45 

27 27 

4 17 e 

+ 12 9 

Q-Tiia Bajih (a Ctftbdf) « 

100 

— 161 

a so 

—2SI 

101 12 

—-16 39 

5 19 27 

—22 42 

£*Kr aJ-jWi (a Lwjni*) * 

, 102 

+321 

0 5| 

+ 14 

184 23 

22 12 

5 0 G7 

+ 14 0 

S3mik Ramib (* Boolis 
jlrctiiHiJi). 
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+22 

0 20 

+ 32 

210 22i 

+20 40 

8 19 U 

+30 57 

IfcAr* Wiqi" {a L|TO T Fe^rr) 

2771 

+3*t 

0 10} 

m o 

270 30 

+ 33 32 

0 10 57 

+01 45| 

Plmii*b aJ-d»]4|«h (fl 

Ojgcii}- 

3U8 

+41 

J1 I| 

+G0* 
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+44 12 
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+ 50 57 
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—2 
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—17 20 

10 10 13 

—2 32 

Fouj HbF^rafi ( f * 

322 

+■1 

10 27 

+ 22 

322 14 

+B 23 

10 27 34 

+22 7 

hUnkib, iI Fhm *0 J 

312 

+27 

11 24} 

+31 0 

342 U* 

+20 24 

11 25 2 

+31 8 


* Flinuteod bad boon at tvoric at Greenwich for four year* when th» Zin^li iiutramont w made. 
Tbh iuntrumciit ia dated A.D. 10SO and FlamflU-wJ'a cstuJupu Sa iur ldS9. 
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Astrological Tables. 
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aj iiiUrtUuutMj OBSERVATORIES Ofc oirtlii* 


B— ASTROLOGY, 

The in at rumen t<s, both brass and masonry, were sometimes used for astrological purposes and in 
some cases were graduated specifically for such purposes. The following notes and the accompany¬ 
ing tables arc concerned only with such astjologkal matters 1 ut are exhibited by the instruments, 
and relate to:—- 

(1) The ascendant or rising siga. 

{2) Houses (Domus Cocli), 

(3) Trigon or Triplicities and their Regents, 

(4) Terms or Limits. 

(0) Decanc und Faces. 

(t> J planetary Domiciles, 

(7) Scptf-naries, Nonenartes, Dnodenaries. 

The Ascendant or * horoscope 1 is the point of the relip tic rising to the horizon at the given 
moment. Its determination is the lifflt anil moat important astrological problem. By menus of 
the Jai Pralcai (page 37) or the Kaptila the ascendant, could be determined by inspection. On the 
Jai Prahift the shadow of Lhe intersection of the cross wires shows not only the position of the sun but 
til ho the sign that is on the meridian, from which the rising sign could be deduced ; while the Kaj&Ls 
shows the rising sign itself. 

On the astrolabe the position of the sun on the ecliptic [its longitude) and its position for the day 
(its altitude) being known, the only operation required is to turn the 'ankabRt (oronftt), so that the part 
of the ecliptic in which the sun is, lies on the proper altitude circle (alniucuuturat), and then the rifling 
sigu or the point of the ecliptic on the horizon can be at nnce read off. 

On the * Jaipur B ’ astrolabe is given a table of the times of rising of the signs (sec p. 23) from 
which the ascendant, etc., could be calculated, if the position of the sun were known, for any of the 
given hit it odes. 

The ecliptic was divided into 12 equal divisions or signs of the zodiac which, owing to the ohlU 
uuttT, tonk different times to rise and set. This problem of ascensions became of great 

importance because it affected the position of the four * centres/ (I) Tim 'horoscope ' or * ascendant/ 
(2) Superior culmination. (3) The descendant. (4) Inferior culmination. These, in consequence 
of the variable time of the risings and settings of the signs, are not at intervals of right angles as the 
early * Egyptian ’ astrologers assn nr d. 

This problem of the 'anuphornt, is must interesting historically. Hyps ides and Hipparchus 
(second century B.C.) studied it and Ptolemy gave the correct smlntmn. Paulus of Alexandria (third 
century of nnr era} animadverted on the erroneous methods* employed and exhibited the 'anaphora i 
according to I 'tol cmv. 


* W<( Jin- not hen* V O O re re i’ d with the fact that th- fnnHmnr-Tifrt] lunnnptinns in eoiuuucina vnlh iwtrelogy are 
ptototare awn**-' <1 'nfiu.-rtmt «nuuiatiiig from eebrtial tndk* which trauW to m»lu the no turn of the *ut}<vi 
ttJJrrlul « tniE.tr W the njicrtt The Aral*. COtUddeml the lienVchlv tw.^lii-, nilhcr at. illdk-.ltin* lltnll atjellti. XvirhiT 
uT tIn-st- u--OTn[,1i<u!H ir wnimntri hy any combination of obwrvatlan inti rv.isoninjf; bulb were the retail of fab« 
idi-At that Imre Inin long -riu.fi- discarded except by the un-luuiu.il. 

1 B-y.. by lisiulio*. See Dekiabt*, VuL 1. p. 233, 
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Tli# following incorrect table 1 from Putniiris lor the first and secnud climates mar be compared 
with that given on page? 23 






1st Climate 

2nd Ctinutr. 

Ut CE TOJltlL 

2,id ClimHtu. 


» ' b. m, s. 

fl h m 

6 * 

» 


J^n&i 9 m • H * 

si 40 = i aa to 

20=^ 1 20 

38 20 

40 

Pifffiea. 

Tanrui * * * * 

23 0 = 1 10 0 

24 - 1 33 

3S 5 

35 | 

AqLUritL*, 

Gumirti * » » * 

29 20 1 S3 m 

28 - 1 52 

31 40 

32 

Ctififidomuv 

Oanear * 

31 40 = i ft 40 

32^ 2 8 

28 20 

28 . 

SugilUritLS, 

f*BQ a i t < 

as 0 = 2 29 0 

35= 2 M 

25 0 

24 

HOv 

Virgo v 

as 20 = S S3 20 

40= 2 40 

2i m 

go 

Utirfta 

Total - 

180 0 =12 0 0 

1 180=12 0 

180 0 

ISO 



The table lor the secmid climate la reproduced in the Brihaj jalaka i of Varuha Mihira [c. A.D. 
ri50) and is therefore of considerable historical interest. Varaha Mihira lived at Ujjain, which the 
Hindus placed at the middle of the second climate. 5 The Surtf* Siddhanla (m, 42 /,) gives the correct 
rule for determining the times of rising {UJayaxmu) of the aigiu, hut gives 24 s aa the obliquity. 

Houses.— The astrological bouses (Duwiuj obK) must not be confused with the planetary domi* 
cilea. The svstem of twelve houses was not altogether accepted by Ptolemy but aince the date of 
Sextus Empiricus (3rd century of the present era) it has been in universal use. 1 In plate V and figure 
17 the twelve houses are shown. The boundary lines pass through the intersection (if) of the horizon 
and meridian and cut the equator at equal intervals of thirty degrees. The points at which these hound* 
arv lines cut the ecliptic are termed the cusps (Cuspids* demarwm) and four of these are at once seen 
{E t. W and A in plate V) but to find the others is a mathematical problem of some little difficulty 
and occupied the attention of ul-Bated, KegifuaunLanus, Jcan-Antoine Mugini (1G5S-1617) and 
others. According to Delambre (p. 50J) the Aruba divide the southeast quadrant of the equator 
fS.JF. in plate F) into spaces each equivalent to two temporal day hoots and the next quadrant 
[E.y.) into corresponding spaces of night bourn.* Cimpanus and (lasulua divide the prime vertical 
[EZW] instead of the equator into equal divisions, and so on, 

Trigons or Triplicltiea.— The Greek astrologers tried almost every possible combination 
of the signs of zodiac. The signs being represented by equal spacea on the circumference of the circle, 
pairs were associated by parallel lines ( JnI«™ of Firmicus, etc.), by diameter*, by squares, by hex- 
agoua, and bv triangles. Inscribed in the circle. 

The triangular aspect was considered the most beneficial and Ptolemy gives as the reason for 
this that the trigon unites signs uf the same sc* * but Boucy-Leckreq suggest* as the motif the part 
that the triad played in oriental rehgjonJ, 


* From Bounfci-LiwWMSi'i Astrolabe frfwjus, p. 3(10, 

■ nw rub- road* : " Th* numbers IWo. abt. wm, eijdit, ninn sod ten each multiplied by four are respectively 
the BU^mrementa <>l the first ague [mm M^lia (iefei): and ihnee reverted bweme the fcjmi ifelau of the last 

KJI Bata! pM Cjjiun on the tropk of Cm**. Lt.. luiitudu ST SV 13* acvonliu,; to Ptolemy. 

* Maniflus (first century B.C.) had employml n schmft nf right howa. 

* But sw ftpire IT whkh does out support thin pnwtina 

. Thc HPS o( tlw . i, d,.termini by the Pylhaeorcan view of numbers. whioU shews the odd numtere aa 
cu^rulinc and the even'a* feminine. The aI gt* aw allerruitriy masenliDe and feminine start*? with Aiiw whwh 
i* maniHline LMsfroiftffc Gnty**, p. i*»t. 
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The trijjnns or tripliuities are sets of three signs that ore 120 degree* apart. The trigone in order 
arc — 


fa) 

W 

(c) 


(1) Ail he* * * , . . 

IJKS 

S&towTAxnrs * 

Ma^uKih^ Ecjnl Te%uu. 

(Ei) Tacucs . 

Vntoo s* - * 

CATEtowunm 

FgjnfltiPfcr 

(iii) (iESUI . 

Lehr a , < < 

Aqvjxnm 

MikwuliBr, Hiunui Trigcnu 

(iv) Cricrre 

Bcaomn 

Pisces * 

Fjfttiiinittfti 


The Lords Of Regents of the ti-igoris ore given nn several astro lubes (p, 23). The origin of 
the arrangement ts obscure but according to (Jeminns the orientation is determined by the direction 
of the 'wind when the luncn occup es one of the signs of the trigons. etc. t etc. 


Tire regents 1 are— 


w 

(61 

(*> 

fi) .. 

$U11 » * * 

JupitrTs 



Mars. 

tm) MwCT!ry ****** 

Saturn ***** 

Jr pi tor. 

[W\ Mc«>n » ****** 

MilTP * * i ■ « 

Fraue* 


The tables on the astrelalies correspond to these principles but add other information. The 
table of Irigons on ’ Jaipur A 1 is given on p. 23 ; the corresponding tables on * Herat C ’ is seen in 
figure 12. In both of these tables the trigone are classified in order as (i) Fiery, liij Earthy, fiii) 
A ry and (iv) Watery. 4 

Terms or Limits (g^s).—F ractions of each sign of 30 degrees are distributed among the 
five planets and tire amount allotted to each planet determines the quantity of its influence. The 
planets are arranged in an order which varies for each sign ; but the order never forms an intelligible 
scries and the determining causes of the scheme are not understood. 3 The system followed On all 
tho astrolabes examined is that known to Dorothea of fiition, Firmicus and Panins Alexandrums 1 
It did not satisfy Ptolemy who t\ ied to introduce a rational order but failed for the Egyptian system 
I* the only one generally recognised. 

It is curious that same astrologers tried to explain the number* as the times of rising of the res- 
pectivc planet.* but Ptolemy pointed out that the* depend upon the latitude of the observer, etc.; 
Hemophilus said tire numbers represented the periods of revolution of the planets ; some say the nutu 
b*'r allotted to each planet represents the number of years of life that it can impart to the individual 
bom under its influence, etc. 

1 According to Dorethw "I £itlo« Flok-my gtv* Haw lor Bstmn in i, In). 

t nling to Alberuni (3, *») the Hindu* do riot refer the nrfxdu* tripmi tu ihn elements. 

* xhe Bfihaj-i «taJw (i. seems to aim at *■ sy nematic arraagrtuaiL hut I ha tut U tret at all cW. 

< Bouck'-Loth'O’ri, p. -AGf- 
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The question ul made discord with the astrologers Sl Apoliiiuiris/ 1 writes Dcmophilua, 

13 disagrees with Ptolemy about the distribution of the SJs#« and they bath w'th Thrasylha. Peto- 
airis* and other ancient authorities." 1 The complete table of terms ia given below (p a 134}. 

Decans and Paces.— The decann are parte of the zodiac each equal to LG 

degrees. Each division of time had its protecting genius or chronnerator and the 3# decat]s are poa- 
aibly of such or religious origin and correspond to 3G protecting divinities. IlermeH Trismegisfcttfl 
f peaks of the 3+i decuna as ’ vigilant guardians, inspectors of the universe/ 

The system of decnna imposes three kind' of influence : (1 1 that of the detune themselves, 2) that 
of the stars that rise at the same time and (3) that of the 1 figures 1 or 1 faces 3 (rpsVwfa). 

The order ol the decnns, after Fimvcus and Pan hi* Alexandrians, etc., and on the astrolabes 
ie as follows 


SlgllH. Dccaot 













Sun 

■ 

* 

Vernik 









Murnny 
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■ 

Moan 

■ 
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-Sjkturn. 









JupitiT 
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# 
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Vanns 
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• 
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4 
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Moon. 









Saturn 

- 

- 1 
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A 

Mara 

Vlaoo # 








Sun 

m 

* 

V*mta 

■ 

¥ 

Manmiy, 

LbfnA * * 











Saturn 

# 

* 

JupHrr, 

SCOHTIO . 








Man. 

v 

# 

Sun 

# 

# 

Ymwk 

SAorrrARres * 

* 

*• 

* 

■ 

■ 

t 

•s« 

Man? ary 

■ 

* 

Mwa 

■- 

■ 

Sstnm. 









Jupiter 

p 

4 

Mftis 

■ 

# 

Sun, 









Venus 

s 

- 

Mercu ty 

■ 

* 

Mdosl 

PWOK • # 








&U1UTP 

V 

4 

Jupiter 

* 

* 

Mam 


It will Ihj noticed that the decan & read vertically in the above table are in the order of the days 
□f the week. 


Planetary Houses,— The idea that the planets, as divinities rejoiced in particular positions 
seems to have come from the East (Babylon ?). The scheme seems to have been evolved by equating 
the planets in order with the signs starting From the beginning of the calendar year, thus :— 
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Jtuttrt& 
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1 SWiudiudj'diircq. p. 223. 
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On the astrolabes (B. and F 


} the arrangement is as follows 
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The Brikaj Jataka (i, (1) says: “ Mare, Venus, Mercury, the Moon, the Sun, Mercury, Venus, 
Mure, Jupiter, Saturn, Saturn, Jupiter, are encccasively the rulers aE the twelve houses, Mesa, Yrifiha, 
Mithmin, etc., as well ns of the Nava (bias and DvadaMm&as of the houses,’' 

Septenaries. - These occur only on the ZartpLl instrument and are as follows:— 
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The horizontal order starting with Aquarius is the standard order 5 of the planet* ; the vertical 
order (of the first column) is the order of the planetary domiciles (p, 12*2). 


NoveDanes. — If the planets be arranged in the domiciliary order, (1) Saturn, (2) Jupiter, 
(3) Mure. (4) Venus. (6) Mercury. (0) Moon, (O') Sun, in nines fur each trigon starting with Mars wo 
get the following arrangement:— 
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and this is really the orrangement given on the Kanjall instrument and it is implied in the BrihSj 

jStiihi (i. 0) which says : " The rulers of the nine Navamsas of Mcsha, Makara, Tula, Karknta are tha 
same who rule the nine houses beginning wi'h Mesha." 


* The ulMwaJ (Plato. ArwMrtl®. Eha tart hen w, on?,) artier whj, iiW. Sun Mtu-ury/u Mw*, Jmjriifr. 

Saturn, JAwr Ittfrurp sod T«o* wvro LnU-n honued fHcnulUtu) and about ihr Lime of Hipparchus the ortlew ww* 
i/ooa, Mtrditn. Vtnu*. Sun, Ater*. JvpiUr, Saturn. 
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Buodenaries-—Tbt? inatmuieiU I.E.] gives the planet* aba in twelves for each bi^ n 

(figure 19)* The arrangement b exhibited b low ; the order ia the domiciliary order both horizon 
tally and vertically- 
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Summary nT 1 ' ttik A^hjoloo tcal tarlis^ tit at occfr on rnti instrl mexts 

EXAMINED. 
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C, (1) Astrolabe Gazetteer— cnntd. 
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C, (2) longitudes and Latitudes o! TJjain, Delhi, Benares, Jaipur. 
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C. (2) Longitude and Latitudes —conttl. 
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** 

Astrolabes 

4 1 4 i 

117“ 2*l ,r Fast of For¬ 
tunate lukra. 

20’ 15' 0*. 


1795 

R Barrow A A Rf^t 
XV 1705. p. 32d 

m m i ■ 

E2* 54' East of Grwn- 
wiah. 

25" 18* 3T. 


UZo 

Warren fmtn Hindu 
Boak& 

mm m 9 

4* 37' 0* Faat of 
jain. 

25" 38' O'. 


1915 

Trifonometricftl Sur¬ 
vey of India. 

Observatory . # 

H B F4lH # Eostaf 
Green wick 

26* 18' 24 ST 

JiltUS m ¥ • 

r w 

Astrolabe 

¥ - * P 

103* Eit*t Lf Fortu- 
□ it- Ldes- 

26' 36'. 



Tie dec thaler - 

I-** i 

73°43'East of Paris 

26= AT, 


1734 

Father Butidk* 

ObM-Falciry „ 

73" 50' Eait oi Park 

28* 66’. 


1915 

Tr^onorontrical Sur¬ 
vey d India, 

Minaret . 

W4FMW East 
of Greenwich. 

26* 63' 27 V. 


1 For lhr longitude oi tIt > Fortunric Laka nee p. 25 wlinrp it k ed it 33' West of Greenwich. 

1 IV loogiiod i of Fork Observatory in 2" SO’ 13-fl* East of (inxicwich. 
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IJklw * 


,!Arrr& * 


UiT.tMS 


^ ■ 


R By are, 1 ? 


C, (3) Observatory Elements. 

(a) Post ft oft. 




- w * W • + 


HT * ■ * 


5,n i_ A 


3,*t‘ 77 * ^ 


Latitude. 

Lons^tudtf 

East uf Greenwich, 

MllfiTLPts^ 

TH'dln-iitiati 
for I&lk 

Aiimiaj 

Variation. 

2s D 3 rsr 

IT 13 # 5* 

Ai HI* #t 

5 8 52-3 

Ew3t* 

T 45' 

*-4 

26* %4 m V 

7G e *r ir 

B 3 17*£ 

i B 4^ 


%r nrr 

«£ i 

75M\/ 

4* 

5 3/ 

0° 46 F 


25* w 24 “tr 

8T0' 40- 

5 33 3 l 

1* 





(i) Jtme. 



Li'i iirlE ml ■'■ l.art 
ul (rreeawpahr 

bf+ww-p Iwil 
Uii -tiJldinJ 

tiun. 



ttmuiTfa HrrwiE* uw+ii ic» tiki axb c&ch.-k {1 Lr^ CTiinuaEi) tin 


Joll. 1. 

lefc. id 

Mar. 15. 

April 13, 

— 

U»y 11. 

1 X 

.Time. 1 4 ‘h 

July 1ft. 

' AH?, 1ft, 

Sept 1 + 

^ Ocl. 1. 

sc*, a. 

M. 5ft 





ii. 3. 

id. 3. 

ML 3 

K S. 

U. 3. 

1 L ti. 

X- B, 

U. P . 

M. ft. 

M_ 5, 

X. ft, 

Ii, 9, 

M 3. 

tt&mlnnt 

■ w 

# 

ftf* w <r 

0 0 

+ i ii 

+ 14 £4 

+ • 6 

0 0 

- 3, a 

D 0 

+a 4* 

41 S3 

9 □ 

-1* 14 

— 1* El 

4 4 




*#■“;* n" ft 

/J Jp 

Mi v 

Jiii 


f J/ftJ 
f * 

r$f 

Sf** 

-T ' 

15 4i 

J# 14 

' // 

4? 

*v A 

PUhl 

9 * 

■ 

n* ii 1 y 

+H S 

+ 34 1 

+» Ja 

4 30 1* 

— £1 S 

+ 17 SO 

& 

+* Si 

£5 31 , 

+ H B 

-19 5S 

+ 1 47 

+*i * 

JalpUf 

* # 

m 

■ 

T&* if IS" 

H-fa 43 

+ » 51 

+« t 

4-35 itt 

13 

H-I5S 55 

T 30 13 

+34 n 

-» 1 

+M « 

+ 11 H? 

^13 

-SO 41 

riiBUH 

9 V 


t 

T5- ^ 9- 

4» si 

H-» a 

^Ct 14 

+ 3B B 

+ « 55 

+ » * 

rss aa 

+ 38 H 

+ U K1 

51 

w ( 

413 31 

4S8 W 

liCEAlTi 

■ * 

m 

&&• 6' tr 

-l a 

+ 1 3 

+ 13 SI 

+* s 

i- 1 

—ft 41 

-i & 

+ B II 

+ B M 

-S l 

—11 10 

— n 84 

3 


Slumlord nnifi lo tndl* II ftl hoan brfgl* CHe.-u* i-rh I ;n*i, Tti* ojjuijH ilffD IftillimtO thil lU*don| Mm* kfcitiJJHi k>nal lUti LLUr. ThFIttTcfn fa B|*| Uhr fEnM 

juj iinw riilJ tbr- Wcjj tud luEiiriet tin wlflwi n m the tnldii* Ufltinnwtiat* ditoft prorpgfUiiaitp l^uti »iU Utc ■flffuAlMlf raMilt, The Uim- 

i glvm t-j ibr uc*rwt miruiiJ uiiiy In r iDlft. Tire urnnM mJat km ii in^n. 
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astronomical observatories or JAI SINGH. 


C. (4) Climates and Longest days. 






Lath^pe^ 


Longest Days. 



Hanra €! 
lengi-3t 
day. 







Cl i muted-. 


After 

Ptofetny- 

t 

On Jaipur 
A Astro- 
bhe. 

| f Vdenfaierl 
frpjii huurti 

Gakululed frtim inti¬ 
fada* 








Latitudes 

H, M. 



12| 

\rm' 

■ * 

12® 43’ 

w m 

20 

13 13 

Firm * , 

•L 

13 

]fl" 27 f 

10® 3 O' 

10* 44' 

10® 43' 

21 

13 17 


c 

m 

| 20° 14' 

20° 20' 

30° 31' 

- w 

£2 

13 21 

Strand * * * 

t 

m 

23® 51' 

24° 5' 

24® 10' 

24® 10“ 

2a 

13 25 


c s 
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27" ir 

' 27® 2S' 

27" 34' 

- m 

24 

13 £9 

Third - 

■L 

14 

3o° r 

30® 40' 

30® 46' 

30° 46' 

25 

13 34 


r* 

141 

33® IS' 

33® 37' 

33" 43' 

■ ¥ 

2fl 

13 3B 

Fourth * * 

{. 

m 

30® O' 

30° 22' 

30° 28' 

36 a 2r 

27 

13 42 


c 

U| 

38® 33' 

3S® 51' 

33° V 


2S 

13 47 

Fifth - * * 

•L 

IB 

40° W 

41° IS' 

41° 21' 

4I n 21' 

2D 

13 52 


r* 

m 

43® 41' 

43® 25' 

43*30’ 

¥ I 

30 

13 5b 

Sixth . * * 

i 

151 

45° V 

45“ 22' 

45® 3D' 

4F 32' 

40 

14 51 


Ti 

15} 

40° 51' 

47® 12' 

47® 38' 

* a 

50 

If 10 

Seventh. * * 

L 

10 

43° 32’ 

4S a 53' 

48* KT 

4rsr 

m 

13 21 



lB l 

50° 4' 
etc. 

1 * 

i m 

■ * 

* * 

H P 


1 f)pv j Aftrommiirum Ed. Xalima 2ml put §5—Oft 

■ 11 > 1 

The ealciikted ranlte »» uhtabcd from thfr fermnl a —n—- **J|£ where rfa h=ian S.tati^ 

uni where Had r p*th* &h'eu<fc. 
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Technical Terms and Talks. 
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LlTIYCti* 

IkHIEE 

4u mu r 

umm 

PI'ftLE 

jIujMur 

LtTtrttti 

UI'IEX 

ib| |#iM- 

* , 

1 

■ r 

*• 



H. V 

it 

Gt.Ul 

*y 

f flUJM 

£:I3 

a 

tJ3 ii 

Kl 

& 

1 H 

i 

filio 

31 

i * 


ii 


33 

7®. i i 

i - 

Aril. 1 


Mt.ir 

sS 

a4 , * 

l » 


:i 

Gti,3a 


§0- ft 

(i - 

A Irkttmitmt* it* 

brami jftflrc- *# r< pnrn-«r ni niiiii iwwtm Jr 

IrrtllK ii, 1 Mililrur# tr*VW*\* 'l '1*1* hwiv i|n 11 li II A# *** HUH Ilf* 

Jp'IKKUBi rrri|prDUTf III hll , | (H l^rl ijCIllH 
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D. TECHNICAL TERMS AND SYMBOLS. 


D (1). Numerical Notations. 



Aj*tL 

Arabic 

Ktamlv* 

Hindu 

Nttmupiti, 


AbjuL 

Arabic 

> T ia iTicmli?. 

Hindu 
Nome rah. 

1 

i 

a 

■ 

t 

» 

u* 8 

1- 

i* 

2 

| V 

b 

P 

* 

TO 

f ' 

V* 


3 

£ 

} 

r 


90 

iJ 

i 

A- 

C« 

4 

*i 

d 

r 

8 

00 


t 

1- 


5 

■ 

h 

e 

* 

100 

J 

q 

1*- 

( efl 

6 


w 

n 

4 

200 

J * 

r*- 


7 


t 

¥ 

'0 

300 

eh 

r*« 

^ a * 

8 

c 

h 

a 

c 

400 

o t 

p-** 

Hon 

9 

k 

X 

1 

c 

500 

i th 

8** 

t«C 

10 

If 

I 

i * 

1° 

m 

e kh 



20 

ij 

k 

r* 


700 

j dh 

V** 


30 

J 

I 

r* 


800 



A * * 

Coo 

40 

f 

in 

!*• 

8« 

ooo 





50 1 

UJ 

o 

t- 

I ■ 

1000 

4 

e 

gh 

1 *+* 

^ o O 9 


Th e iihjrtd system is in diluted by eight vocet tnemtirigbiles 

abjud fiuimu; if uf(i kuhurnn jia'faf ijarmhat thatfmlh da; ugh. 

But western Mnatnilman* arrange the last four words thus: Stijad <jarmat thtkhatlb -tujbith. 

The Greek system agreed with tbeabjad as tar as 80 but the portion frnm 00 to .VKi r nr responded 
with the ttbjad from 100 to 100, Tin- inter numbers differed considerably. In deciphering the 
engraved numbers on the astrolabe there are sometimes apparent ambiguities to be cleared up f owing 
partly, to the omission of diacritical marks. 1 


1 .See pig*? W; XuUino's al^BaHSml inf, niul inters and Knobd's PtoUmy'* Vatalagvt of Stan p. 13 f, 
Hcnvlj msiiir a number t >t niiatakt^ parties Inrta id n r.ncribing the flymtiLjla [gr 4 k md 7. 


1 
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D (2), Signs of the Zodiac. 



0 

f * 

Ari^S . 



¥ 

Aim BIO, 
ttl-Oamal 

■ 

San emit, 

Mi:s3lEL 

lo 

i 

X 

Taunts 

* 

V 

* 

Lil-TbnJJf » 

■ 

VtUhaiL 


Z 

H * 

Gnmirn * 

* 

* 

■p 

aJ-JauE-4 

* 

MULuejl 

w 

3 

T ci 

i _£> 

Cniper 

4 

«■ 

H 


¥ 

Knrka + 

l Hi 

4 

A 11 

JLco , , 

* 

f 


ftL-Aead * 


Hinlm. 

nw 

6 


Vlf^o . 

m 

i 


nl Shill Ins lab . 

* 

Kanyfi. 

t rfl 

fl 


Libra. 



- 

nl-Xr^JIn. , 

# 

TttliL 

lift 

7 

It "l 

Scorpio 

* 


m 

aJ- r Aqmb 

fr 

VriEcbikRu 

J/Cf & 

B 

:s * 

Sagittarius . 

m 

■ 

*■ 

ttUQullA « 

m 

r^jiincia. 

•? 7 o 

D 

{ 

CupHcumtie 

fe> 

4t 

m 

al'JuiK _ 

■■ 

Ittfuu*, 


10 

=? 

Aqimriua „ 

m 

m 

m 

aJ-Halau 


Kumbha. 

'ijt) 

U 

K 

* 

4 

m 

m 

aJ-Hut - 

b 

Mina. 


D (3). The Planets. 





Animal 

# 

Sasskbit, 1 

1 


Saturn * # «• * 

ZuIlll) » # « 

Arid 

2 

i 

Jupiter r * m * 

MudhtuiT 

BfLkjijspati, 

3 

<3 

Mum . m i I. * 

» 

MLiri kh * 

EujV 

4 

<3 

San * ft , 

■SElttms « < « 

Rfifyft. 

5 

¥ 

Venus * * * * 

Ztfhrnb . * « 

Sutra. 

6 

a 

Mcffsirv * « ft 

•rtarid r 

BudEn. 

7 

1 

ilOOTl « m * m 

Qnumr . 

C lined ri. 


1 Thn plimeu with thf exception of the win arts ho metinn's in the table ol Triumi* nn Jaipur A}iieo!>te'l 
l>y the linijl lotion til the Am hie nnaua l, i, li, (a*}, i, 4, r \ gee uJ*i» SkJiliut PmL T> 44** Am rrj*. fOidovg £ j 
p. ruMji. 

* There are tnan; ranir.ia ti tlie*e natnci 
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D (4). Lunar Mansions. 


Hindu X.Lkhlj ilI rzi:j- 


Amljic Mouzil^. 


L 

AATiui 1 [fi f y ArktU) „ 

A 

* 

1 . 

Sh4vris|ia y Hrnfi#). 

& 

Dtiaranj (3-G. 39 + 41 Amfiir) * 

- 

- 

2 . 

Bu^Itl [35 r 30 r 4 i jlivlvf). 

3. 

Kfillikil (FftfodiiHi Tf Taufi t 4c) + 

m. 

# 

3, 

TbumEyn (JWadutt, tj Tawri t 

4. 

Hollitii (A, 0 t y w S, £ Ta ^ri) P 

+ 

A 

4. 

Omlwin fa p O, y t B, t Fauri). 

& 

Mrignilnua f\ # Qtooni*} 

p 

P 


Hnfjili (X, ffit t Oriaitij). 

n. 

Anira (ft Oridnit) 

- 

■ 

a. 

Iln-n'Ah ( 17 , y, f Gemin&rnm). 

7. 

Pu::urvuiMl ft Gcmtftoriiml 

- 

fl 

7* 

HMta i^ 3 t cl Cl* ttuyiurvtm). 

ft. 

Pnahy* ij 0 t fi, y Cajtzri) 

- 

p 

a. 

NatKrah (y, f 

ft. 

Ajhahi (£, S # u, i} f p tty*fw) 

■ 

- 

9. 

Tarf if r^ntfri, X ZrfDhtff), 

10 L 

Mnghil [ a s 7], y t f, jti f e L&mi*} * 

ii 

■ 

10 . 

Juhhfth (a, 7 , y, { Leottit). 

JL. 

PflrvA'Phfl.lgpnj {S, 0 I^oni$) 

4 

A 

11 . 

Zubrnb (S p 0 brmiis)* 

12 

Uttan-Ffeilgim] (^£j p 03 Xrmu4) 

A 

a 

12 . 

Karlah (^9 Ltamn). 

13. 

Kant* (& $ y t e, a, 0 Cwri) - 

A 

# 

L3. 

Auwa [fi t 7f w y t 3, € FirpniJ]* 

U. 

CliiM (ft * * * 

* 

p 

14. 

RimiLk (a FlVffia^jL 

16, 

Sr&il (a tfftuiix} ^ 

* 

- 

15. 

Qhafr l f K, X FirgifliV]. 

16 , 

vuskh* (t* y p ft Libra) r 


A 

J 6 , 

^uMniiia ia f )3 Zitijpmc). 

17- 

Aiiurfulhi (S p /3 P V, 


■ 

17, 

Ik Ml (J3, tt Smrpii)* 

IS. 

Jyofjilia (a, cr T 7 Soffit} 

P 

* 

IS* 

(a Se&rpii). 

IP. 

Mil In (X, v, K, 4, Of Tjf, i, jd-j e fifierpM) 

1 

LP. 

FEuiuliLii (X, v &Gorpii\ r 

2 ip. 

['urva-AaLiiriliA ((T, € . 

* 

A 

20 , 

Nm'il m. (y 2 — ^ ^aynVitjrii). 

21 + 

I'ttwn-A.,liiUl flii (S, £ Slighter!,) 


B 

21 . 

B»tlduli {Xvrth of tt S&giUari ■)- 

04 

■ <■4 

Ahhijitt (a, e, £ ■ 

- 

I 

22 

Sa d al-Dhflbih {a t ft Capricorn*}* 

2X 

ir&vatio (a $ y Aquite) 

A 

P 

2 S. 

Sa L d Bula" (g, ^ 

24. 

Sruvnliithi ()S, a, y, S ifcfjAint) . 

- 

P 

24. 

Sa L d hC Su ulI ^ Jfifsntl. 

25. 

Satsbiihtt] (X Aquttrii' cff-j * . 

P 

P 

2 ^ 

Sa b d nl.AkhbiytLb (ft, y p ^ p ij 

2 ft. 

purva - IJhj drftj.n dii {tt, )3 P<giui) 

A 

# 

2ft. 

al-Farf(li al-ilugdiin ia^ ^9 l^ei#i]L 

27. 

UtUrJi-BlijidrtipridA i y JVp v*i M a A wdrmntdi*) 

P 

27. 

fi3-Fnrgh tl-Mukinr (y Ffpa^i, a AndToito&u}* 

SWh 

Rrviit'k (f FhftiMjfL, tl^) 

A 

4 


Bato d-Hatw i ^3 Jwdrom^ir, 


D (5). Obliquity of the Ecliptic. 


Tk £L 130 HiplHirohufl 

A. D. L50 Ptolemy - 

BSD aUBnttinl # . 

l«;r, jUial lin h ma n u] - Sllfi 

1001 tliU Ynnui . , 

] M*t> Sitfifi Siitiikawto 

12 Ml Al[)hunsiuu tablf*. 
1270 S'ijir al-Uin tl-Tii;| , 
1433 I'lugli Beg . . 


.. 31' sir, 

.. 51' 16". 

.. aft' or, 

.. 33'13'. 

.. 34' 52*. 

24® 0' t Y. 

* *.. 32' SO*. 

* ■ * * . . , . 23“ 30' O'. 

* * *.. 30' IT'. 

15SKI Tycho Bmho.. 23® 20* <7*. 


)i(0 Fbuuirod 
1720 Jui Singh 
IWXJ 

1016 1*4 July . 


23° 2r« # . 
23 d 23' O'. 
23® 27' 2T. 
23® 27'4* 6 T. 


(The se^ii’ar variation id between 21* 53’ and 24° 36'approximately.) 
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D (6). Length of the year. 


Hlppftrdina * 
Ftokray * t 

it * * 

Kooiiiti fiiddklnla ■ 
FgLuliiji SiddMnta » 
Aryii t^Luk ta 
Erdlm'ifl Gupta> 

ul-Battini 
Siddhiinta SsruniJi^i 
AstmUtm 

Approximately tetrttt mtuts — 
Tnjpit al year * 

Sidarcal year - * 


B. 

IT. 

AT. 

& 


353 

5 

55 

12 

Tropical. 

365 

5 

46 

24 

rt 

363 

6 

0 

436 

giiletfifll 

365 

5 

65 

12 


365 

0 

12 

30 

Sidereal 

365 

6 

12 

30 


365 

6 

12 

30-015 


3G5 

0 

12 

— 

M 

365 

0 

12 

0 


365 

5 

60 

m 

Tropical 

305 

5 

48 

4508. 


305 

0 

0 

0 a 



D (7). Precession of the Equinoxes. 


A D. 150 Ptolemy, 

S|i> ikl-Baltini 
3 U’Ki SSryfj SidtlhauH 
1160 Bhutan! 

137 D Maht'jiiini Son 

1500 OojHTtllClkfl , 

3500 Tyulio Brain? . 
1729 Jai Singh 


Annual precession. 



30* a year or l c m 100 yetn. 
5455' a year or V in GO yn&nh 
54' a year* 

50-0* a year. 

54* a yean 

50 IT ayw- 

sr * 

51 0' ot 4* in 297 Muslim years. 


[The precession for celestial longitude of all stars is approximately 50° 26' a year or, 
correctly SO'25(>1*+0 , OS22'' T (where T is the lime in centuries reckoned from A.D. 1900). 
complete period of precession is approximately 25.G&6 years.] 


marc 

The 





































APPENDIX E. 


Chronologfa, 

l 



Cc- 6 % * 01 2 

/ 3'3 


Z 

l <rt> 






140 


A STB GNOMICAL OBSERVATORIES OE JAI SINGH. 


E. CHRONOLOGY, 

There has been considerable difficult} 1 in ascer tain m g Lke dates of construction of the ob* 
(eiratories, etc. Sir Robert Barker, who was contemporary with Jai Singh, stated that the 
observatory at Benares was supposed to have been built by Akbar; James Prinsep gave the 
date as A.D. 1680—six years before the birth of Jai Bingb ; another writer gives 1693 and so 
on : of the following dates those relating to Jai Singh must consequently be used with some 
circumspection- 

A-D. 

Giwmncb alwmtGty founded.. 1^75 

Jai Singh ham * * ******** 

Newton's Prindpin pubthshod -*►**♦ + 1637 

Jai Siflgh succeeds to the Amber Gadi < . * * * 1SE>9 

Haller'a Synopiis of Cwirtdry Agronomy mm,** 1705 

Death til Aurangxib ***■■■>»« 1707 
Jai Singh jflTtfiU Thun «**♦«*» ^ 1712 
G. D. CbabIm dlea . , , * * < # . * 1719 

Fumdt-Sipir ■..!**’•**> 1713 

jpj Singh dteplacc* Badh Singh of Bufidi * * ■ * * 171ft 

Tduhne&rusui Shub ********* 1719 

JaJ Singh appointed the Emperor** dtpnty at Agra and MUira * 1719 

Great earth-quake at Delhi ******** 17*0 

Ftamiterd dins , * e ***** - * 1720 

Jai Singli'fl erpeclilion agflinrt Jits oi Bharatpnr * 1722 

Delhi obMrratnrj built *. * * ft 172* 

liiAtotia Cafe Mit Britan nica published * 1725 

Iliac Newton died ******«»* 1727 

Jaipur eity built ******* * * * C- 172ft 

The ttf M uftamnvuf Sb&hf Enibhed . * . * * . C. 172ft 

Aberration of fight discovered by Bradley * * * * - 1728 

Observations recorded at tfclhl ******* 1720 

Jai Singh resigtifl the province of Malwa to the Fe&hwiL * * 1734 

Jaipur observatory built.* * 1731 

Benares obwfvatory built ******** 1737 

NUir Shah flacked Delhi ******** 1730 

Halley died * 1742 

■Tfli Singh died « v * * * * * * * * 1743 
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W. UfKTKH-—Some Aecount of the nstronnmical labours of JaysRulha, Rajah of Atnbbere o f 
Javattagar. {Asiatic Researches at Transaction of the Society i institute/! in Bengal. \'ol 
v, 1799, p. 1771. and p. ifl.) 

Lettres bJiiiantcs et curieusea, writes des Missions etrnuteres. Nouvelle edition. M&noire des 
Indes, Tome quiurieme. Toulouse, 1810, 

J. Tod —Annals and antiquities of Rajast’ium, or the Central and Western Rajpoot States of 
India. (Vol. iL p, 3131. Annuls of Amber, or Dhooiidar) London. 1832. 

Cabcin de TjiSSY-— D escription do monumentH de Delhi f*n 1832. D’apT&i ]e texte TTindu- 
ouatani de Saiyid Ahmed Khan. (Journal nsiatique. Ciriquicme aerie. Tome rvi. 
Decembre I8fi0, pp. B35-543,} 

A. fi. Garrett and ChARTJRadhar GciXftt.—The Joipnr observatory and its Builder. AUaha- 
hcld. 1902. * 

Seyerem Note S. J.—Lund mid Volk Avs kiiniglicbrc] Astronomer Dadiaisinglt II Mahai adKclia 
von Dschnipur. Berlin* 1911. 

See also D'Anyille E\ hiittmemms gfograpbiqur^ 1753, V*t and Ant. (wing, d* Vlflth* 
1775, 0 f. ; J, Bernoulli r Des Psiter Joseph Tie Bent haleru histori^^-ocopmpliiache Beschm- 
bong TOD Hindustan, 1765, i. 143. 224. 24^i : RenM'LL, Alrmait ol a map of Ilindomtan 3rd 
Ed- 1793, 78 ; Journ, Arrh . Snry t Delhi, IS*f>3 ; Htr J. Hooker Him, ilranm. 1854, 74-77 ; Baftjdeva 
SUtrJj The Manmandera Observatory (Pamphlet, B pp.), I860 ; Hewbley, Hand-Bank Jqfpoto 
Courts, 1880 ; J, Burger Indian Antiquary > 1900, XXXV, 234-235; Lala Chibcanlal 
The Delhi mid Bcnuret. observatories (Pamphlet* 1J pp/J. 1912; H. (L Tomkins, Journ, Cat, 
Astr* Socy> f 1912, 71-76. 

(2) Astrolabes* 

J r J fc MmnLKTON. —Description of a Persian Astrolabe, submitted to the Asiatic Society by 
Majof Fot-tingcr. (Journal of the Altaic Society of Bengal, 1841 r x, 761 f.) 

W. H, Mdh LEY.—Description of a piunispheric astrolabe constructed for Shall Sultan Hussain 
Safawi, King of Persia^ and now preserved in the British Museum. London. 

H. Salvaire axd J. de Rey Faiijiade,-—S ur one Mere d' Astrolabe a rube du xiiie fiiMe, etc, 
{J&urwt Ariatique t Neuvifrnie nerie. Tome i r iB&iL pp. 5-76 and pp. 185-331. J 
JL L Recoins.— T he Astrolabe— A summary. (Astronomy and Astrophysics^ vob sffi 3 
|B94. pp. 793-802 ) (See abei article 1 Astrolabe r in file Eneydafutilia Brifamim.) 
Cartu do Yaux. — L Astrolabe Imcaire on Baton d’et-Tousi. ( Journal askatique, Xoimeme 
bi-iie. Tome Y r MabJuin, 1S95 T pp. 404-516.) 

KaU F,~L# traits sur l p Astrolabe plan d* Severe Subofct Soar. miaL 1899, G6-101, 238-303. 
H, 8. Cowpeb.— A Fifteenth Century Planiapboric Astrolabe, made at Granada, (Journo 
of (he Royal driatie Society of Great Britain and Ireland, 1904 , pp. 53-BB and 542 3.) 
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8- A. Iojctres. — D escription of an astrolabe. [The Geographical Journal, 1904, xxiv, pp* 411- 
417.) 

C. A. NAUIRO-—Afturlab (Eacifolopirriiri of Islam , 1913, (,}. 

S« also Dblaubke, SfeimiOT, etc., below; also Focakd, Paraphrase, tie l Astrolabe 1553; 
Slavics, Gntmonku* 1W1. and Astrofobum, 1693, and list in Morley's Plan. Adr., 
p, 46. For Arabic-Persian works on the astrolabe (which are exceedingly auturroHH), eae 
Setter's. Math. v. Asir, der Amber. Persian lithographed text-books ate fairly common. 
See also Pit att, /. A. S. B., 1642, xi, 720-721; MoRttAX, Arckaalogia, 1851, xxx, 259- 
264; Lbokt Monthly Noth'#, R. A. S., xxxiv, 120 : also ChaUOKK's Treatise on the Astrolabe 
(A-D- 1691) and ftuAi'g and Brae's notes thereon ; L. Evans Arch, Jour. 11)11, 221 l 

(3) Hindu Astronomy. 

(«) Fctitc. 

B G, TelaX.—T he Orion, or Researches into the antiquity of the lei#s. Bombay, 1-S33, 
W. D. Whitney.- Ou a recent attempt by Jacobi and Tikk to determine on astronomical evid 
puce the date ol the curliest Vedic period as 400Q 1 B.C. {Proceeding* of the Amentum 
Oriental Society. 189-1, and the Indian Antiquary, xxiv, 1895, pp. 361-369.) 

0. Thibaut.—Q n some recent attempt* to determine the antiquity of Vedic civilization. 
{Indian Antiquary, xxW, 1893, pp 85-100.) 

See also A. WeeeR, Die vedesche n nachrichten com den Nazntrn 1880 — 1862, and Liter den 
Veda Katendar, 1862. and Ind. Stud, x, 1808, 213-253; B, G. Tjiax. Tram. Ninth Internal. 
Cong. Orientalist!!, 376-383; H. Jacobi, Feetynise an Both. 1893, 68-74; Ind. Ant. xiiii. 1894 
154T..Z. D. M.G. , xlix, 1895, 218-230, and l, 1890, 69-83; G- Bumjgft, Ind. Ant . xxiii, 1891, 
238-249*; H. Oloenbero, Z D. M. G., xi.vm, 1891, 629-648. xux, 1895, 470-478. Dxksbit, 
ind. Ant.. 1895, xxiv. 245-6: Fleet, J.R.A.S.. 1911. 514-518 and 1119; RehjeuaLR KEITH. 
J.R.A.S.. 1911, 794 and 1914, 027-fH0 ; R. Shamarasthy, lad. Ant., xli, 1912, 26, 45, 7T, 117, 
2SK) and xlii, 1913, 19. 32, 72 ; N- K. Durr, Dacca Review, 1915, v, 270 fl, etc. 

(fj) Tests and Commentaries,. 

j-yy [) W uli NEY and] E. Bunt; ess,—T ranslation of the .Surra 8iddhant», a Text-book of Hindu 
Astronomy, with notea and appendix by Rev. Ebenezei Burgess. assisted by the com¬ 
mittee ol Publication. {Journal of the American Oriental Society. 1858, pp. 141-498.) 
Rape’ DevA SAOTRfc-TnmaLition of the Sfirya Siddlanta and ol the Siddhanta Siromarri by 
the late Lancelot W'iUrinaon, revised by B, D. Shisfcri, Calcutta. 1861. 

*11 Kbrs—T he irywbhfltTyaB with the Commentary. Batadipika of Parainadisvara. Leiden, 

1874. 

q and ScdhaKaPA Dviveiu—T he Fanchasiddliaatika. The astronomical work of 

Vara ha Mihirii, The text edited with an original commentary in Sanskrit and an English 

Translation and Introduction. Benares, 1889 

* BRAS)! ,\SPHrTASlI)DUAN‘TA AXI f Ph^AM AOBASOPAP BSW A tl H¥ A Y A EY RsAHXiOl'fTi. Edited With 
bis own commentary by Mn bfi u ui h opadh y ays Sudhakaru Dvivedin, Benares, 1992. 
LaU Chbote Lae—T he obscure text of the Jyotiaha Vcdanga explained. AHahclmd, 1907. 
♦BhaSKABA.—T he Treatise on astronomy by Bliaskamchhfva with his own exposition, the 
VasauA Bhaahva. Formerly edited by the late Mahamahopadhyaya Pandit Bapn Deo 

fihastri. 

^ Roes, J. A , S. B, 1814 ; A. Webkb, f«J. Stud., x. 1866 . 213 f.; HoKRNEE, J. A. 
SB 1693, i.vii, fb!8; TillRAi-rr, J. A. S. B.. 1877, xlyi. 41M37, 1880, mr, 107-127 
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»na 181-200 and 1864 lui, 253-2EB* J. Berber Did, Ant., 1891, xx. 53; Dixsarr Hi. Art. 
XIX. 1830; SuDHAKARA DvtvkhI'», Jyortisham, Benares, 1908 ; xix, 45-64; M. P. Kareuat, J. 
A. S. Bombay, 18SHi; The Bcnarta Sanskrit Series, etc. 

(c) General. 

j g. Bmllt.—T niiti do VAstronomic Indie line et Orientate, 1787. 

J Bentley— A Historical view nf Hindu Astronomy from the earliest dawn of that science 
in India to the present time. In two Parts, part i. The Ancient .Astronomy. Part ii 
The Modem Astronomy, etc. London, 1825. 

J, Jl. F, Guerin.—A rt ronomie trwUende d'npres la Doctrine et ks livres ancknnc* et mode rues 
dee Bmmuies aur i’Astronoime, 1'Antrologie et la Clironolgie—Suivie de IVxamen do 
rnattonomie dos ancieiw peoples de l'Oomt et de I*Explication den principal* Monu¬ 
ments astronomico-aslndugiqucs de I Egvpte et de la ( crae. [‘aria, 1847. 

• SudHaIAHA DyiveJjI—G a^aka Tarniiglni, or Lives of Hindu Astrunomcre. 

J. BuhoeSS-— Notes on Hindu astronomy and the History ul our knowledge of It. J.1L.LS 
1893, pp- 717 t 

* 3. B. DasHT. Bharatiya Jyntih-SastreL Poona, 1896. 

(; Tjiiba'-’t Astronomic, Astrologie und Mathematik (Grundriis tier indwrischen Philolegie, 
iii, 9, 1897), pp. 717 L 

See also Davis, As. Res.. 1790. ii. 225-287 and 1792. iii. 209-227 ; Joses. As. Res.. 1790, 
ii. 289-306. 1 792, iii. 257-291 : J. Plateau*. At. Res., 1795, iv, 156-164 ; J, Bentley, As. Res., 
1799. vi, 537-508; Buchanan. As. Res., 1799, vi, 103 1, ; Jones, Works. iv, 1-4-. 48-69, 71-92: 
j Bentley, As Res. 1805, viit, 193-244; IT. T. Colbhrookf., At. Res,, 1607, ix, 323-376 and 
1816, Mi. 209-250 [also Jfisr. Esstiys, 1872. H. xiv, 321-373 and 11, xv, 374-416]; T. WiMiS, 
Kalu Sonhitita 1825 ; TI. H. Hoihsutow, Oriental Astronomer. Jaffna, 1848; W. Brennanh, 
Hifidu Asirtmomrj. 1896; T. Adpreoht, Cat. Bod., viii, 325 L, 1861; J. Ewjeianc, Cat. Sam. 
MSS., India office, part V, i. 1896, Calcutta Renew, 1850, xxv, 65-85; 1900, cx, 314-356; 
Fleet, J- R A. S„ 1915, 213-230, etc., etc. A. Booruis, C«J et Terre, Bruxelles, 1908, pp. 
105-112, 129 133. 159-163, 213-222. 

(f?) Chronology, 

See Die shit, Cotp. laser. Ifuf^ 1888. in, 16!-1 76 . Jacobi. Iml, Ant.. 1888, xvii, 113-181, 
E l>‘d.. i, 403-160 and ii, 487-498 ; Schram, , tod. Ant., 1889, xviii, 290-300 ; Dikhiht, Iml, 
Aut., 1690, six, 481.: Sewell and Drawl IT, Th Indian CulenduT, 1896; KlRLHORS, Ind. Ant., 
1899 xviii, 193-209 and 380-386; It. Sohbui, Kalendariographtsche oral Chronaloyische Taj An. 
1908 : Fleet, Eat. Bntannica, 13, 491-5(1] ; Fills Indian Chronology, 19U ; Sewell, 

Indian Chronograph#, 1912; etc. 

{4) Muslim Astronomy. 

DelaMBRE.— FD stoire de I’ustroooinie du Moycn Age. Paris. 1819. 

J J SkDILLOT. Troit4 des instruments antttmomiques de* Aruliea, Traduit d'Aboul-IIatMan 

par J, J- Sedillot. et public avec one introduction. 2 vote., 1834-35. 

I 4 SktULLOT.— Memoire am tea iiirtnuuenta des Arabea, Paris, J345. 

L. P- E. A. SfinlLLOT. — Prokgomcnes des Tables astronnmiqucB d’Olcmg-Beg, PuUiee avec 
notea et variantes et pi erodes d’une Introduction. Tar it, 1847. 

L, P. E. A. Si billot.—P rokgomi'nee dea Tables oetronomiquet) d’Oloug-Beg Traduction et 
commentaire, Farit, 1853. 
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C. A. Naluno.— A 1 Rattan] «ve Albatenii. Dims Astronomictun. Milan. I899-19Q?. 

II. StTSR.—Die ll&thematikcr und Astronomer der Araber imd Hire Werke. Leipzig, 1900, 
G. A. Naluno. —Astronomy {Enajdoptrdia of Islam, 1913, f,). 

See also JouRDAlN, liemoire but 1‘obaerrctoirc de Meragah, 1810; Carra dr Yaux, 
PAlmageste d'Abnl Wefs, etc,, J our. it., 180*2, sis, 408*471 ; L, A, Hocuetm. Z 
1893, xlyii, 213*273; and Flamsteed's II id. Cal. Brit, fur Ulugh Beg's Catalogue, etc, etc, 

(5) Astrology. 

II, Kern—B rihat-Saaibita. J. R. A, S. 1870-75 and Vertpereide Geschritten, i k ii- 1893. 

A. BoucHfc LRCLERcq — L'Astrologie giecque. Pam, 1899. 

Hari Prasanna Cbatterjeje.—T he BriMjjatakain of Vara La Siihira, Allahabad. 1912. 

C. A. Naeliso,—‘A strology 1 (Enqftdopadia of Islam). 

See also A. Weber, Ind. Sfud,, ii, 1853, 236-313 and iii ; H. Jacobi, Indixche Streifm, iii, 
1879, 165-168, etc. 

(6) General. 

J. FuiJtSTEElt.—HLstorifl Ccrlest is Britannico. 1725, 

Pislaiibre. — H istoirc de 1’aiitronoTiiie ancienne. Paris, 1817. 

PelamBBE.—H istoire de rastronamie du moyeffl age, Paris. 1819, 

Baily. — The Catalogues of Ptolemy, Ulugh Bcigh, Tycho Brahe, Halley, He yd ins Memoirs 
Rfrfj. Astr. Sot. 1843, yoL. sfiii- 
E. Wolf. — Gesshichfce der Astronomic, JfuacAcn, 1877, 

E. B. Ksober—T he Chronology of Star Catalogues. London. 1877. 

J. L. E. Ureter. — T yrho Brahe : a picture of scientific life and work in the sixteenth century. 
Edinburgh, 1890, 

A, Berry— A flhort History of Astronomy. London, 1898. 

A. von Braunjiuitl.— Vorleaungen fiber Gesduchte der Trignunmetrifi. Leipzig, 1900, 

J. L. E. Dp, EVER, — History of the Plane tan* systems from Thales to Kepler. Cambridge, 1900. 
O. Ford es .—History of Astronomy. 1 London, 1909, 

C. H. E. Peters and E. B. Kkouel.— Ptolemy's Catalogue of Stars. A Revision of (he 
Almagest. Washington, 1915. 
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REFERENCES TO THE MAP OF UJJAIN. 


1 Kail gulf 

2 Ifoztti* 

3 Kriyzijwra 

4 Pafirlutiti f-nJ'/A 

5 i/u n dim-to *biujh 
ti torn* than n 

7 Rani-kt-Salrka-Mandil 

8 Gopal Manrlit 

9 Paid offitt 
W DumO gal* 

It Chandaf gate 
U .* cboak 

IS Maim Bats palace 

14 Laicbtvbari 

15 Falk* eakUt* paiga 

16 Kotwali 

17 Custom hnuss 
IS Mint 

19 TrJunlftori 
tO Kal-frt-ehvak 

21 „ gate 

22 BhtmmAfila 

23 Btitja Rai-li^hatri 

24 Kawghal 

25 Hospital 

26 Udan bnha*ka ghat 
2J Shrine aj Maolana 

28 Palate 

29 Ka*Am Makit 

Ztt Mnhnkfti Mdhodeu's tempi* 

31 Kart ,If wgnr nr Knt MtfitJ 

32 Sir SithaKi hause 
Ij Pnigti 

34 VhatittiA khnrrdrha or 24 pi Wars 
$5 Hakim Hakim 

36 IlrgtnnS 

37 Kanthtath's temple 
3$ [H rjtt TUjU gate 

3$ Jai SI j qh'v Okserif it&ry 

49 Naming j-kii 

41 imnmbari 

42 Ha r-ki-Ckwki 

43 Mamn ghat 
4» Cqb „ 

45 ^MFtfipum 

46 Jaipur gate. 

47 Chumar Oauli 
4S Chatri „ 

44 iMvid* m 

i$a Indm P , 


69 Ha hu man hauii 

51 Famlpur 

52 TtUwdrm 
Finjarudra 

54 Sardfa 
■5-5 K arum para 
69 Kijdjpnm 
67 Ddbn 
58 Thtatiitgan} 

09 Antinrfgftnj 
61 Bqp&mpu ra 
G2 Bahdrdurynnf 
63 Mdlipitra 
94 Kdngalpura 
05 Ekam&pum 

66 KtinthiH 

67 Mirzaicdri 

68 fhtnpat flao'i garden 

69 Chumi Lois „ 

79 Kvfra n 2W .. 

71 Kher sdgar 

72 Bah Talai 

73 Nikd* Talai 

74 Nil Gnnga 

75 TrUgruph affir* 

79 Opium godoVTrr 
79 Budwdria Hal 
m Gogasai 

S3 Mandar 

84 VkMvrur Mahadro 

85 Salt* lambs 

M Balkar's gartlm 
67 Hindu burning ground 

53 Pir Marhau-ki-iMrgrih 
89 Katin nvtia 

99 Kirjmniwaji-ht'Mamfof 

91 Midi iii Begum* ha* Migbr* 

92 Caves {Bkarihari §mfa} 

94 Nag t<dui 

95 Han jit Mahabir 

96 NtJUMpur* 

98 t'tiiwpi ghat 

99 Man gatrmlk 
109 VisXn* jogar 

« * ffounHry pillar* 

1978 Height* ttboi'e tea hvtl 
JOr Relative heights 
A Trigmomdricat Surety jwibI 
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